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Preface 


[jirs book*- deals, as its title indicates, with the 
'acts discovered by Mendel, and with the bearing 
)f these facts, and i)f the theory put forward to ex- 
plain them, on the science of heredity and the practice 
)f breeding. It is intended to serve merely as an 
ntroduction to the subject. My conception of the 
most serviceable form of such an introduction has 
aot been to place before the reader a sketch which 
bak(!S in..the whole range, of discovery and speculation 
n this sphere of inquiry, but, rather, to open the 
ipor to an intiraiite familiarity with a few instances 
the Mendelian phenon,^non, and especially with 
:hose studied by Mendel himself. To this end I have 
account of the phenomena obse.rvc'd 
yy Mendel than has yet appeared in populjav form : 

sc'Icn pairs of characters studied by lum are v'l 
igiyed f8j|;»thc .lii'st time; and other results of Lis 
■re illustrated by photographs from specimens which 
baA^ bred irysclf. But, in case the reader tjikes 
p tfie position, with which I heartily syrapatbise^ 
f reijising to te s^tisfied^;’ ’;^^ short o|| 

3tually seeing Cite things which Mendel discovered, 
bare given full instructions as to bow such an 

* I 
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experiment as Moiuh'l’s is carried out, to/»et}ier witli 
the adtlrcsses of the seedsmou from whom poas 
bearing one or more of the fourteen cliaracterp studied 
by Mendel can bo procured. 

But although 1 regard a tliorough knowledge of 
the Mcmdelian discovery as tlie proper fo’:ndation on 
which the attempt to breed, in the light of it, should 
be based, I have not limited myself to an attempl 
to impart this knowledge. I havii also indicatts' 
the more important lessons which the practica 
breeder can learn from this discovery, and dealt AvitI 
some of the more interesting biological question 
which it raises, or helps to answer. 

My endeavour, throughout, has been to eliminal 
from my picture of the things described cver}^;!^!!. 
with ’./^hich th(j.se things have been invested by tl 
human imagination ; in other words, to make in; 
picture not tlie finished work of the post-inipressionis 
but the untouched proof of the photographer. An 
I *’.ope that, in this way, I may do something, in*n 
own sphere of interest, to counteract the prevah'i 
tendency of that which is Avritten, on any topic, ’ 
bear but a remote relation to Avhat can actually ' 
•Mibservcd. This remoteness of words from actaali 
•As especially chan of much of the literati; 

on the subject of heredity Avnu-n Las accumulat 
during recent years. The rational imagination, ,in 
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ll*f(lit.s .'n 't'jiis spliero, has left the ground of faufs 
b(ilo\v, and attained to altitudes wliieh put the feats 
of airviu^n iii the shade. I am hot arguing that it 
is dcsirilble that those writers to whom llie ground 
is distasteful should cease to fly, but merely j)ointing 
out tliat, inasmuch as so much (mergy is at present 
devotc<l to enterprise of tliis kind, there is room for 
a book that will eiuible anyone to look closely at 
8om(j of the facts whie-h, though they constitute the 
ground ove.r which a great deal of recent discussion 
has raged, arc sehlom known at first hjind by tliost^ 
who witness, or even in some cases by those who 
take part in, these battles of the, air. 

My thanks {ye due, and are readily tendered to 
Professor dc Vries for having taken Jhe photographs 
which constitute Figs. 1 to 5 inclusive expreasly for 
this book ; and to the trustees of the British*Museum 
for permission to photograph the case of ihy mice* 
winch is reproduced in Phttc 11. 

^ I shouVl claim more credit than is properly mine 
if I (lid not acknowh'dge the help which I have received 
in the actual^ carrying out of the breeding experi- 
ments to which such value as this book may posses® 
'8 in great partMuc. *In co’'*’'''\t'on with the breeiL 
cxpcnnier.!., wibn inicSj' now concluded, my 
Uiai)ks are especially due to Mr. Charles Biddolph 
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BREEDING: 

AND 

THE MENDELIAN DISCOVERY 
OHAPTKR I 

BREEDING AND IflSREDITY 

The pnicticiil brocidciL and tlio stiidt'iit of hcrodit.y 
both deal with tho Sii^ natural process, but for very 
diilerent reasons. The breeder’s object is to main- 
tain or increase the value of the anii^jals and plants 
whieli minister t() the needs or jileasci the. fancy of 
mankind. The student of heredity aims at lindiiiff 
outr how the characters of animals and iilants arft 

9 ^ $ 

handivl on from generation to geitl'ration. The 
breeder is not concerned w'ith tlie intequ’etafion of . 
what he aohie.ves; he does not care how the cliajac- 
ters of his stock are handed on from geiK'n^tion to 
geuei‘iit;on, so long as the changi's whic.h lu* efha.ts 
timd^ in the .direction of an improvement. The stii- 
dmit rtf heredity, on the other hand, is not concerned 
with t^e application of what lur finds out ; he does 
not cijre whether the characters of his material arc 
tending in the discction of an improvement, so*long 
as he iinds out how im from gemma- 

tion to* generation. But there' cannot, 1 think, be 
any doubt that both the practical breeder and the 
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student of lier('(Uty would pn^fit mucli by A know- 
ledge of the methods employed and the results ob- 
tained by the other. It is a question whiehvof the 
two would gain most : the man of science by the 
knowl('!dg(! of the facts relating both to the successes 
and the failures of the breeder ; or the breeder by 
an acquaintance with the principles elucidated, and 
the precision of the records kept and the methods 
employed by the man of 8cienc('. It is desirable 
that the student of heredity should, for the sake of 
his sei(',nc(*, become interested in breeding. It is 
desirable that the brcc'der should, for the sake of his 
art, become interested in heredity. And, in general, 
it is desirable th.it each should recognise that h(> has* 
much to learn from the other ; for though, as we 
have seen, the objects of their work are different, 
the problem which they are both investig<‘iting is tlu; 
same. 

My object ’in writing this book is to place within 
reach of the practical breeder some of the things 
found out by the sciimtific student of hercility, which 
are like'y to be of service to him. 

The methods of the breeder arc two. They are* 
as a miitter of fact, nearly always used in conjunc- 
tion, and not separately; but they are neverthe- 
less essentially distinct. They are selection and^ 
_ crossing. Pure selection, opersiting on nuaterial which 
is not the immediate result of a c.-oss, modifies the 
form of an animltP(n“ t, and leaves it different 
from whfit it was wlien the selection began ; some- 
thing has been added or taken away ; something 
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rroati'd'or destroyed. The primary object of cross- 
ing is^to combine witliin one strain two desirable 
(jiialiti/js .i>xisting in distinct strains. But an appar- 
ent re#iult of crossing is very orteu a much more raju'd 
prodiKition of something ne.w than is brought about 
hv seleidion Plate II.). Th(‘, novidty in such a 

ease, however, is an illusion, and due to the recombina- 
tion of cha*racters which have Ixien long hidden and 
long separated. Sidcction, then, creates something 
n(‘W ; crossing merely recombines charactcTs which 
already exist. Very little — it may almost be said 
that nothing — is knowm of the causes which detiTinine 
the. origin of new characters, either in the domes- 
•tieated state or in a state of nature. At any rate, 
there is not enough known to base a. scientific, prac- 
ti(^e of breeding upon. But the art of bri^eding by 
the recombination of already existing charact(‘rs — 
au(> it is a question whether in its ultimate, anajysis 
this may not be all that the breeder can do — lia^s been 
brought to a 2 )oint of extreme precision by the dis- 
cov(TV made Jby Mendel in 1865. And the object 
of this book is to make perfectly clear wliat that 
discoveiy was, and how it affects the practice*, of 
breeding. TJie manner of origin of new forms will 
be dealt with because a knowledgii of Prof. d(* Vries’ 
observeiions on tjiis process is n(*cessary to an ajijire- 
eiatioiw of the. significance of MendiO’s discov(*ry. . 

Ever since 1850, whcA Darwin ej|ccted tlie general 
aecepta/ice of the doctrine ui uTOiution, it lias been 
b(‘lieve(r that new forms have originated by tlic 
'^e^cuinu'lation of the almost impercei)tible differ- 
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enccs between individuals, whether this has been 
brought about by the stress ol circumstance or the, 
skill of th(i breeder. In other words, thft material 
upon whicli selection, both natural ami ar^^jlicial, 
has been supposed to operate has been assumed to 
be these imperceptible diUt'n'uces, thci occurrence o( 
which is referred to as the phenomenon of continuous 
variation. 

This belief was attacked by Mr. Bsiteson in his 
“ Materials for the Study of Variation” in 1S{)4, and 
was severely shaken by the publication of IVof. (!<' 
Vries’ “ Mutationstheorie ” in 1001. The belief em- 
bodied in both these, works is that CiVolutioTi has 
not proceeded oy the accumulation of the dilTer-* 
ences presented by continuous variation, but ‘by tin; 
differences wldch are furnished from time to tinn^ by 
what is called “discontinuous variation” by Mr. 
Bateson, and “ mutation ” by I’rof. (h^ Vries. 

The point at issue, between the Selectionist, who 
holds’ that evolution has been brought about by 
the selection of continuous variations, and the Mula- 
tionist,' is this. It is admitted that species, as we. 
see them, constitute a discontinuous series ; they 
are, with rare ('..\ceptions, distinct fron\ and do irot 
merge into the species most closely allied to” them. 
The- (jucstion is whether, when one species arises 
* from another, the new species arises at one bound, 
i.e. in one genejation, or‘wh(;thrr it only comes 
into e.xistence Jilfe all the imperceptibly small 
gradations, between it and the f)ld species from 
which it sprang, have been travcrsial over the 
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odurso *()[ iriiiny {fonoratioRS. According to tlic 
lornuii; view, species cunnot l)(^ said to arise by 
sel(!ctu)n. If, when tliey have once arisen, they 
have ^lefects/wliich hamper them in the struggle for 
(‘xistence, wilicn; this oeeurs, they will doiibth'ss 
drop out. Jut tills docs not constitute origin by 
selection. According to the latter view', on the 
otlier h;m^^, the; character of the new s])oeies is only 
attaiiKHl by the traversing of the gradational stages 
between it and the parent one ; and inasmuch as it. 
may bo sujiposed that these gradational forms would 
not have left offspring if they had any defects which 
prevented them doing so, it may be, said that the 
• new species arises by a process of nhtural selection. 

Tift; view that species have originated by muta- 
tion is based on, Pritf. do Vries’ observations on the 
Mvening IVimrose {(Erudhera Laniarclciana) (Kig. 1). 
Working with this form, he^was able to wifiu'ss, for 
the iirst time, the actual process of tlfb origin of new 
species. 

For some time he had been searching in the luigh- 
boiirhood of Amsterdam for plants which were 
giviifg oft’ new forms ; but as Re failed to tind a.ny 
hi; concludvd that they were all in an immutable 
condition. At last he found a plant wliif'h appeared 
,to bn in a rputable state. This was (Enothera 
iMmaj'ckiana. It was growing in a disused potato, 
field near Hilvwsum, in Holland. This plant had 
escaped into the field from a bed in a park close b}', 
where ‘some annuals Avere grown every year. The 
(finutlieras were thickest at the corner of the field 
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cnccs between individuals, wlietlier this Iftis been 
brouglit about by^ the stress of circumstance. or the 
skill »)f the breeder. In other words, the^ material 
upon which selection, both natural and artilicial, 
has bi',en supposed to operate has been assumed to 
be these imperceptible differences, the occurrence of 
which is referred to as the phenomenon of continuous 
variation. 

This belief was attacked by Jfr. Bateson in his 
“ Materials for the Study of Variation ” in 1804, and 
was .severely shaken by the publication of IVof. de 
Vries’ “ Mutationstheorie ” in 1901. The belied' em- 
bodied in both these works is that evolution has 
not proceeded by the accumulation of the differ-' 
ences presented by continuous variation, but 'by the. 
differences wlpch are furnished from time tl) time by 
jvhat is called “discontinuous variation” by Mr. 
Bat(}S(»n, and “ mutation ” by Prof, (h* Vries. 

Th/^ p(.>int at issue betw«um the Sidectioni.st, who 
holdif that evolution has been brought about by 
the selection of continuous variations, /ind the Muta- 
tionist,' is this. It is admitted that species, as we 
see them, constitute a discontinuous scrie.t ; ' tht^' 
are, with rare exceptions, distiiud from and do not 
merge into the species most closely allied to’ tliem. 
The question is whether, when ope specie.^ arise.s 
from another, the new species arises at one bound, 
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course *()£ many {fenerations. According to tlie 

fornuT, view, species cannot be said to arise by 
selection. If, when they hav(^ once arisen, they 
have ^lefects/which hamper them in the struggle for 
existence, w^iere this occurs, they will doubtless 
drop out. JBut this does not constitute origin by 
sele(;tion. According to the latter view, on the 
other hand, the. character of the new sj)ecies is only 
attained by the traversing of the gradational stages 
betwt'-en it and the parent one ; and inasmuch as it 
may be supposed that these gradational forms woidd 
n*)t have left offspring if they had any deh'cts whie.h 
prevented them doing so, it may be said that the 
u<!W sp('ci('s arises by a prooi'ss of iditural sidection. 

The view that species have origijiatc'd by imita- 
tion is based on. Prof, de Vries’ observations on the 
I’lveniug Primrose {(EnotJiera lAtmarcfcidtia) (Fig. 1). 
Working with this form, lie^was able to witni'ss, for 
the lirst time, the actual process of tlfb origin of new 
spi'cics. 

For some time he had been searching in the m igh- 
boiirhood of Amsterdam for plants widen w(‘re 
giviilg riff new forms ; but as Re failed to find any 
he concluded that they were all in an immutable, 
condition. At last he found a plant which appe,ared 
, to b<k in a rputable state. This was (Enothera 
Latmvekiana. It W’us growing in a disused potato, 
field near Hilvci’sum, in Holland. This jilant had 
escaped into the field from a bed in a park close by, 
where some annuals were grown every year. The 
(^notlteras were thickest at the comer of the field 
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wluTo they had invaded it; and at this sjvot tlif'y 
formed a dense thicket of vigorous i)lants as high as 
a man. From this point outwards th(^ plants hecame 
sparser, and the extreme edge of tlic an a wliich the}' 
covered was occupied by an advance guard of s(;ed- 
lings and young ros(ittes. 

Two new sja'cies were found in the field— CA’«o///cm 
Icnrifolin, characterised by its smootli, f.s opposed 
to crumpleil, leaves and by its narrow pedals, which 
do not overlap one anotlier as do those of 0. Laiixoclc- 
imia ; and (). hreridylis, characterised by the short- 
ness of its style, which is so short that, when the 
flower is first looked into, it looks as if there were no 
style or stigma. 

Heed was eolleeted from the plants in the potato 
field at Ifilversum and sown in the Botanic (l.'irden 

I 

at Amsterdam ; and rosettes — i.i*. plants in their 
first year, whi(;h have tjut yed developed a sten. — 
were also transplanted there, in this way there 
arose a series of pedigree cultures in which a number 
of other new species originated. Of thesi* 1 will 
only refer to those which are figured in this book. 

Qimlhera gigas is the rarest and tlu*- finesl. of the 
new species which has arisen in the Garih'ii at 
Amsterdam. It has only ajjpeared three times ; and 
it is in every respect more vigorous a.nd more }>eavily 
, built than its parent 0. Lamarckiana. 

The flowering spike is shown in Fig. 2 ; and its 
fruits, alongside those of 0. Lamarckiatut, in Fig. Ik 
The following characteristics of 0. gigas can be made 
out from these figures. Its leaves arc broader; its 
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fruits sliorler but stouter ; its stem lliicker ; aud its 
])etals broader, and consecfuently its luids fatitu-, lliaii 
tlisot' tiL tlie parent species. The toj) of lh(‘ st<*ni is 
densely clotli(‘d with foliage; and ils a])pearance 
forms a strikinjj; contrast to the naked look of the 
top of tlic stem of 0, Lawarcliana. This feature 
is due to tilt jfreater breailth of the leaves, to tluj 
fact that Ijiey are bent downwards, and to the short- 
ness of the. internodes, especially at the extreme 
top of tlie stem {see Fi^. 3) in (). (jifjas. 

Its lirst appearanc-e was as follows. In ISDo 
tlu‘r(^ was a crop of about 14,000 jilanis, (‘(uistitutint^ 
the fourth g<‘neration of tlie Lamm'ckiana cuKuri*. 
All the mutational forms had bf'im lrans|)lant(‘d 
from the (^rop, and most of the plants of 0. Lamarck- 
la/ia ha*d biMui thrown away, in tln^ b(';^dnnin^f of 
August about 1*000 of thes(^ plants V(*re in (l<»we.r, 
blit many wore still in the rosetti^ stage. Thirty-tvo 
of tlu'. strongest of these losetti's were S(‘l(*et<'d and 
planted out; they flowered in the July aiKt August 
of the following year. One of them attracted Prof, de 
Vri(‘s’ attention by its thick stem, and by its large 
*eup»slvip(‘d /l/)weivs. On August 10 all of its flowers 
wiire picked off, both the opim and thes with(*red 
ones, and’ the 'whole top of the plant enclosed in a 
iiapiT bag to ensure self- fertilisation. It set a (piaii- 
tity of good seed. This plant was the. panmt of the 
new species 0. gjgas. Jts ancestors, for at least tlirei? 
generations back, wore ordinary 0. Lamarckiana. 
The iiumbers of seijd-bearin}^ plants in these three 
gencratiijns were successively only nine, six, and ten. 
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/iTul tlio. cliar«ictors of 0. (jigas arc so strikinf; that if 
one of th(‘sc twemty-five plants had Ixuju a (jujan it 
could not liavc been overlooked, as tlie seed-:;rar’>nr 
plants w(‘.re under continual and close obsiu'vation. 

Tlu'. s(‘lf-fertllised seeds of the orifjjinal gigas wcue 
sown in 18!)7. They produced somewhat ov(‘r 450 
plants. All of them were exactly like their parent, 
with one exception, to be mentioned later ; and tlu'y 
constitute' a type distinct, from the very outse't, 
from 0. IjawAirckiana, Tlu'y bred true on their first 
appeannuM', and liave continiu'd to do so ever 
siiKte. 

(Knothera mbrinervis^ whi(4i, unlike* 0. gigas^ is 
e)ne^ of the^ (H)mpie)nest e)f the new spe‘ci(‘s whie-li 
are)se* from (). Lamarckimm^ is cluiraedeTised, tis its 
name', implie's, by the posse'ssmn e)f bright reel ve'iiis 
on the* le‘av(‘s auel breaul renl stripe's eui the* calyx anel 
fruit. The lloweriner spike is slunvii in 4. The* 
le^ave'^. are uap‘e)we*r thiiii the)se' e)f LaimrcklfUKt ; 
but ])eihaps the me)st remarkal)le^ fe'atun^ of this 
ne'w spe'cie's is the brittleness e)f the stem. If tlie* sle'iu 
of the llowering plant is hit, it breaks in twe) or thre'e*, 
])lace',s with pe'rfe'ctly snie>eitli surface*/ e)f fracture*.’ 
The cause e)f this brittleness is the extr(.*i>iely slif^ht 
ele*,velopmont of the bast fibre's in the 'uiscular 
bunelh's, in the stem. In all otlu'r respects ruhrmervis 
is a healtley species, anel it is the e)nly one of the new 
specie*., which produces as much pollen and seed as 
the^ ■|)arent species. 

0. Tuhrinervis are)se from 0. Laimirckiana jixty- 
six tiinejs in all, and not only did it always possess 
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ill?' ?^('t of cliaractors — ^tlio nul CMiloiirinjr, IIk*' 
iifitll(‘U('ss, ilio narrow lojivos — but iioiio of IIh'so 
<- har:u*.b'ts ovor iippoiirod sepurutoly. It also, likc^ 
0. prodiiors oilspring, all of wliicli an' indis- 

liiigiiisliablo from itsolf. 

(Knnlhvm mnella, — This is tlio dwarf (Knuihmi, 
A wliolo j)l;fnt is sliown in Fig. T). It (lo(‘s not 
a! lain to ]ialf the stature of tlu^ parj'ut form. It 
arosi' loS times during the wlioh' course' of tlu' 
(‘Nprriinents, during wliieli some r)0,0(M) jilanls WiU’c^ 
rais(‘<l, i.e. it appeared in a ratio of about \) pc'r 
(•cut. Jt also, like the other two new specie's already 
iiieiilioniMl, came pe'ih'ctly true', to seed clin'ctly it 
• had a?’iseu. 

is dislinguislu'd fnmi tlu' other ik'W 
sfM'eies which I have' describeel, lirst in the' fact that 
il- elilfrrs from its* panuit species Iiy only (Uk^ sabeiit 
fejtuiv— elwarfness ; and secoiuliy in the fact tliat tins 
eliaraet(*risti<i is commonly found in ♦itlu'r g(‘iuh*a. (»f 
plants, as for instance' tlu^ pea (see Fig. 0), tei nientiou 
one. of a. lari^e' numbi'i* eif plants whieh pre*sent this 
pe'ciiliarily. Freife'sseir de.‘ Vrie'S lias preijieise'd' tei give^ 
Hie nawie^ “ v.rie'tal ” tei cha ra(*t(.'rs like elwarfne*ss, 
wliich are'/vvieh'ly distributee! througlieait tln^ ve'ge'.- 
tabie', k’:ig?]om,* te) elistinguish them fremi speM-ilie; 

• harae^e'rs which, aceMmling to him, dei neit repair in 
this way. Variotie'S are forms characterise'el hy the^ 
possi'ssion of yjj^rie^taL characters, and spe'cies are* 
*'>iius , charaeiterised by spc'cilie^ charaeite'rs thus 
<h‘line'({. Fe)r instance', the c.'uuplex of charaeiters 
possessed by 0, gifjas or by 0. rubrinervis de> not exjciir 
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Ms(*wliorc in tlio vogetablo kingdom, find tl'psc two 
forms aiv reg:ird(*(l as true spocies ; whilst tlio clia- 
ractor of 0. nnnvUn, which is rogardod as a vnrii'ty, 
not only oconra in tho pea and in other plants, hut 
also amongst tho now forms wliicli liava Jirisen from 
0. [jimarckiann. In fact the singh; oxcojition rofoiTod 
to amongst the 450 jilants raised from tlie first 0. 
(jujns was a plant which liad all the characters of 
0. (jigas, hut possessed the dwarf habit of (>. vmicUa, 
find should be designated 0. gigos-nmiclla. 

Professor de Vries has drawn this further ex- 
tremely important distinction between specific and 
varietal (diaracters. Specific, cliaracters, according 
to him, blend in inheritance; whilst varietal oni'S 
bi'have in Mendelian fashion whim crossed. Indeed, 
lie makes the behaviour of a particular v-liaracter 
wh(*n crossed the test whether it is a varietal or a 
specific one. Professor de Vries has made a numbi'r 
of mosses between 0. gigns .and other species of 
(Knothmi. Por instance, 0. gigan, crossed with 0. 
Jjmarckiam, gives rise to forms which are a blend 
between their two parents, and moreover breed true 
to this intermediati' character. Tin. conclnsicn t« 
which he comes in the paper in which !'e describes 
these results is stated as follows by liin: . . “ In all 
these respects, and in others as well, 0. gigas 
behaves as a true species when crossetl, and not as 
a variety, as 0. nanella does when, crossed witli the 
same forms.” There arc certain complicjitions in 
the case of 0. mndlc, but these need not detfiin us 
now. Pull details can be found in tlic paper referred 
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CHAPTER II 


TirE MENDRLTAN PIIEXOMENA OE IMfEIUTANCE ; 
THE KESULT OK CROSSINO TALL WITH DWARK PEAS 

AIexdel ])ul)lish(Hl his results in the jouriuil nl 
ii local schuitific society in Rriinn, in Austri.i. 
in 1805; hut liis paper remained unnoticed* until 
the y(‘ar 1900, when attention was directed to it 
almost simultaneously by (torrens, Tselu'rmak aiul 
de Vries, the foiiner two of whom had repeated 
some of Menders experiments, and were thus ahh 
to attest the accuracy of his ohsi'rvations. [ shull 
d('al in Chaph'T Xff. with the circumstances in 
which Mendel’s discovery was made, and with tlu' 
probable causer which led to its bein*; forgotten for 
so long ; and shall pass on now' to a description of the 
Mendelian phenomena thems(‘lves. 

Th(f reader is probably familiar with tw'o kinds 
of the edible pea {Pismi mlivutn), the tall .Jid tin'' 
dwarf. The tall peas grow to any height from three 
to six, or even eight, feet, and need to be supported 
with sticks; the dwarf peas do not rise mor,e than 
a foot or two above the level of the ground, am! 
' need not be staked. 

The difference between a tall and a dwarf pea is 

• Witli Iho single exception of a reference in Focko’d Pflnnzenmisch- 
liivji'f I SSI. 
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iicit*t!'<i .'•fUllo as the (lillercncc between a tall and a 
dwjirf iiKMi. In li liumau dwarf ovorytliiiig is on a 
8m:illt‘r than in the normal man. But a dwarf 
pc.i is jv)i simply a miniature edition, as it were, of 
ji i.dl one:* it dilTers from a tall pea in one single 
('li:tra(*i(*risti(*, the kmgth of tJie internodes, i.e. tlie 
f..*. tiHns (»f tlfl', stem between two nodes, or joints, 
11 h‘ Jeaves are given olT. This is shown in 
Fig. r>, which represents a seedling of a tall, and a 
Si-edling of a dwarf pea sown on tlie same day. The 
number of nodes between tlie seed and tlu^ point 
of iiuertion of the two heaves wliieh are fa('d‘, to fjuie 
:iii(l <‘m*lose the growing point of the stmn, is the 
is.iFMe in both eases, namedy live. 'Tliey can all be 
elciirly* se(*n in the tall seedling, but tlu^ lowi'st one 
in ihe dw’jirf is dillieult to make out on aeeouut of the 
shadow. The. shortness of the dwarf pea is thus secui 
diM' solely to the shortness of its intiTiiodes. 

If se(‘d is sav(‘d from a dwarf pUnt it will' give 
ris(», whim sown, to dwarf plants only ; and iS<*eil 
saved from tsill plants will only produce tall plants. 
In other words, botli tall and dwarf peas, when left 
10 tlf(‘n Melvins, breed true. 

It is d(‘si^rabl(^ to state liere that tlie pea is normally 
••If-fertilised. The male ami femalr*. organs and pro- 
^ ‘diets ,an» both present in every llower ; and wliat 
hajnjens when a plant is “ left to itsidf ” is tliat tlie 
hnnale. i)ro(lucts,.(or egg-cells) of a single flower are' 
iertilis(*(l by the male products (tlie polhn grains) of 
*1“' sMue llower. When one 'kind, such as tall, is 
1‘rossed with another kind, such as dwarf, tlie pollen 
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‘grains are transferred from the flowera (.f a tuil 
plant to a particular part of the female organ of a--' 
dwarf plant, or vice versa. The details , of tlii-, 
process will be described in Chapter X. Tl),c main 
point which I wish to be noted here Is that tlif 
pea is always self-fertilised unless it is artificially 
cross-fertilised by the agenny of man.’ 

We have seen that dwarf plants, when left tn 
themselves, set seed which produces dwarf plants 
only ; and tliat tails similarly breed true. 

We will now consider the result of crossing a tali 
with a dwarf. 

The plants which result from a cross between a 
tall and a dwarf are always tall. These tails are im 
shorter than their pure tall parents ; in fact, as a 
rule, they are a little taller, because, like most hy'brids, 
they are V(^ry vigorous. They constitute the first 
hybrid generation. 

Tiiese hybrid tails are allowcnl to self-fertilise. If 
the s^cd saved from them is sown, about three- 
quarters of the plants produced are tall, and about 
a quarter are dwarf. That is to say, in every four 
plants, three arc tall and one is dwarf, on the {.vcrag(‘.‘ 
This average result is shown in the genealogical 
table which forms the frontispiece*, where it will also 
be seen that this generation — namely, the. onc« which , 
consists of three tails and one dwarf in every fom — 
is called the second hybrid gcneratii n. 

Let us now consider the result of sowing th?. seed 
saved from the plants composing the second hybrid 
generation. These plants, like those )f the first 
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v't)T;.Lj''*ncfjition, aro allowed to selMcrtilise. The 
;>(•(! set by the dwarfs produces only dwarfs. This 
i wliiib ]ve should expect, if we hH)k' at the tails and 
ivviirfs j-ti, the genealogical table from ihe ])uint of 
fiew of their' stability in breeding, that is to say 
tci Ki'diug as to whether they prodiuu! their own kind 
or both Tdnds, namely tall and dwarf. If we 
00k back through the pedigree of the. dwarfs of the 
wcoiid hybrid generation, we do not come to a dwarf 
until we reacdi the |)ure dwarf ])arcut of tln^ erttss. 
Tliis j)un‘ dwarf, as w(! know, breeds true. AV<j 
might, I h('refor(>, expect that the dwarfs will breed 
true when th(\v reappear in the s('con(l hybrid genera- 
tion. And wo see that tlu'y do. ’ 

Hi'fore we consider the olisjmng of the tails in 
the seeorill hybrid generali(ni, let us look back in 
their ixMligree, and* see if we can form any idea as to 
vdiKt their offspring will be. In the case of th(-» 
dw.ii fs of the seeotid hybrid generation we had tf> go 
b.ick two generations, namely, to the ])arents*of the 
cross, before \ye nuit with an ancestor b(*aring t*lie 
dwarf character. Hut in the case of th<^ tails wv have 
ofdy to go back one generation-»-to the first ’hybrid 
generation — -to find a tall. Hut this hybrid, although 
d resembles the 'pure tall externally, diffi'rs from it 
I'i its ^reeding properties. The pure tall produces 
only tails ; from the point of view of its bretnling 
properties, it ist^table. But the hybrid tall ‘pro- 
vinces .both tails and dwnirfs, in the pro2)ortion 
of throe tails t() one dwarf in every four ; it is 
iinstuhji'. Tl^at 'is to say, if we look back through 
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thd jino('atry of the second liybrid {roncration, we. iiv,; 
only one kind of dwarf — a pure, truc-breedin}; i; 
stable kind ; but we find two kinds of tails, a pur 
stable kind which produces tall ofTs])rin<f only, an. 
a hybrid or unstable one which produces both l,i'' 
and dwarf, 

AVhat, then, is the nature of tlie' three tails 
the. second hybrid geiuwation ? The.r<’ are thn-i 
p(»ssibilities. They may be all pure ; <tr all hybrid ; fn. 
lastly, some of them may be hybrid ami some pun. 
This latter is actually the. case. Two of the tlm’ 
are. hybrid, and produce tails and du'erfs in lli' 
ratio of three tall to one dwarf in every four. Tli 
r(‘mainin}{ tall is pure, and produces only tails. < 

In the <fenealo<>[ical table we have sujipos.'d tli.i; 
('ach plant of the second hybrid •'cneration prodiu tv 
only four oli'sprinjf, because this enables us to ]iu; 
■ihe averaffe proportions of tails and dwarfs ani(Uji;.'> 
th(\Se olTsprinj; most conveniently in diagrammatic 
forUf. The pure tall which produces oidy tails i> 
sc'ijUi at the extreme left of the second hybrid gmicr;)- 
tion. “In the middle arc the two hybrid tails, earl' 
producing three tails and one. dwarf on the, .iveragt’; 
ami at the extreme right is the dwarf, which produce' 
only dwarfs. 

Let us now glance at the actual proportion' 
observed by Mendel himself. He does not say ho'v 
many plants of the first hybrid generation he raised : 
he only stab's that he made thirty-seven , crosses 
between tall and dw."irf. We do not, tliereforx', kno"' 
liow many of these were successful. His second 
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hybrid <»on(-riition consisted of 1,0(54 plants, of wliicli 
787 W(‘rc tall, and 277 were dwarf, a v«'ry close 
Approximation to a ratio of ,1 to 1. 

Ten seeds from each plant of a lumdn'd only 
of these 787 tails were sown. Twenty-eight of 
tliese jiroduced tails ; seventy-two produced botli 
tails and dwiirfs. This result departs consider- 
ghlv from ..the expected one. Let us examine 
it more closely. Of the three tails in the second 
hybrid gemiration, two should produei^ tails and 
dwarfs in the proportion of 3 to 1 ; one should 
produce tails only. This is one. way of expressing 
till' average result. Another way is to say that 
two-thirds of the tails in the second i’lylirid gemtration 
produe.j tails and dwarfs in the ratio of 3 to 1 ; and 
oiie-third tails only. Of a hundn'd tallsjn tlu' second 
hybrid generation *wc shouhl, therefon*, expect sixty- 
six-or si.xty-seven to produce tails and dwarfs in thd 
ratio of 3 to 1, and thirty-four or thirty-three to ‘pro- 
duce only tails, if the general statement 1 have made as 
to these ratios js true. It will, therefon*, lx; seen that 
amongst the hundred tails of the second hybrid 
gf'neritt ion which Mendel tested, *h(^ number of pure 
tails was toojow (twenty-eight as against thirty-four 
or thirty-three), and the number of hybrid tails too 
high (se,venty-tw’o as against sixty-si.x or sixty-seven). 
'I'his brings us up against a very important (piestion, 
namely, how cloiw a fit. between the so-called M('n- 
delian jixpectatidn and the actual result must we 
exjiect ? The general rule is that the greater the 
numbers of iip:uvtdual8 dealt with, in the experiment. 



i8 


BREEDING 


the closer will the actual result approxiinato tol!, 
Mendel ian exjiec-tation. This is a very import ,ii;- 
question, which will be dealt with later. 

In the cours(‘ of the description of the Mciideliii!. 
phenomenon, which is diagrammatieally represent! 
in the frontispir'ce, it was said that certain of tl 
results werti what we should have <'xpected them t' 
be if wc looked at the whole pedigree from a eertfii: 
point of view, name.ly, that of stability in breedii!" 
'I'liey an; what tlu'y wouhl lx* expectial to be by anyoii' 
who had no knowledge of the Meudelian phenomeimn. 
and who looked at them from the ])oint of view ( . 
stability. For instance, the true breeding of tli' 
dwarfs in the sectond hybrid generation was ii 
harmony with the fact that only one, kind of* dwarf, 
a pure breeding one', occurred in the anc<;stry ci 
the cross. Anti, similarly, the fact that there ae 
'two kinds of tails, a hybrid and a pure, in the seeomi 
hybrid generation, is in harmony with the fact lliat 
then, are two kinds of tails, a hybrid and a ])iiri'. 
in 'this ancestry. 

But;, beyond this, most of the rt'sidts w'c huvf 
th'seribed differ witlely from what current ntttians <ii 
he.nulity w'ould lead us to expect them to be. In 
the first place the general expectation, .as to tlir 
result of crossing a tall with a dwarf would probably 
have been that the resultant hybrid would hav<' 
been intermediate in height betwce/i its tw'o parents. 
But the individuals composing the first hybrid 
generation are all tull, as we have already seen. 
Intermediates between tall and dwai’i have nevpr been 
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■il)^:(M'VP(l*t(>*()cciir in tlu; first hybrid generation, nor 
lo tliey occur in any subsequent generation derived 
fiorii thi'. cross. It is perhaps not surprising that 
t]i.‘ ilw^rE which disappears altogether in the first 
hybrid generation should reappear in the second. 
And although we have said that tlie true breeding 
of the dwarf \^hen it does reapp(‘ar is rougbly what 
Wr should expect from one point of vieav, there is a 
point of view from which it is the V(‘ry oj)posite of 
wii.it wr slioiild expect. The fact of tlu* dwarfs in the 
8e»’oiid hybrid generation breeding trui* means that 
tli<‘y ar(‘ «‘ntirely fn'c from the teJnt of talln(‘ss in spite 
of lh(‘ fae.t that both of their panuits and half of the 
Rst of tlieir ancestors were tall. A dwarf occurring in 
tho s(‘.e(fnd hybrid generation— an ‘'extracted” dwarf 
as if is cafltid - is as pure adwa.rf as tlie yiire. parental 
dw.irf with which* the cross was made, not only in 
its N‘xt(*rnal characteristics, byt also, what is more* 
reinarkablo, in its breeding properlF«*s. Tin* true 
b:v<-(ling of one-tliird of the tails in tin* sc'cond lijbrid 
g^Munatiou is nqt (luite such a remarkable fact, l)ecaiwe 
ill this case tluur parents at least bore the tall 
clr:ira(^ei«; but it is remarkabhi that thesis tails 
should exhilyt no trace of the dwarf character of 
h.’ilf tlie grand-parental generation and of lialf the 
anci-str^ behind t]iat point. 

lu‘n W(‘ coined to consieler the fourth and further 
hybriil generationei^we slmll find that the results come 

iliJfvr still more widely from wliat current 
.ii’»iious -of heredity would lead* us to expect tlicm 
be. . . . 
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rJIH INIIEIUTANOE OF FOUR OTHER CHARACTERS OF 
THE CULINARY TEA STUDIED HY MENDEL 

MKNDicii !ilso niiulc crosses between peas which 
di tiered from one another in other eliaractera than 
these (if tallness or dwarfness. 

Another character with which he dealt was the 
position of the flowijrs on the stem. Tlu'se either 
ly ise, in the ordinary way, from the* whole lengtli of 
the stem, above the point, on the stem, where they 
beoin; or ‘they are all bunched together at the to}). 
Fig. 7 shows the 'former, ordinary, arrangement of 
th(‘. (lowers, which is characteristic of all the varieties* 
of [leas commonly grown for the kitKihen. Fi^. 8 
shows the latter, in which they are bunched togeth(‘r 
at the top. The photographs were taken late in the 
y<’ar, so that pods are shown instead of llowera. 

• 1 Ikiiv** described these two ty^pes of ])ea in terms 
of th(', position of their flowers. But the difh'rence 
betw(V*M the two lies deeper than this. In a normal 
8l''in tly) flowers are given off at successive nodes 
the, stem. The node at which the first one is 
given off varies gicatly in the different kinds of peas. 
Fxit ihe^cssential point is that, in the normal stem, the 
nedi'H hfllow one another at fai?ly regular intervals ; 
the iietual distance between them depending iLsually 
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on wlictlier the j)lunt is tail or dwarf, that is to i-,: 
on whether the intcirnode is loiij^ or sliort. 

If a normal growing stem is oxamiiu'd, from t! 
ground upwards, it will be found that the uinii 
succeed one another in this regular way, and tl:. 
the arrangement of the flowers which arise from ti. 
nodes is correspondingly regular. 

But if a plant on which the flowers are hunclu. 
together at the top is examined from the groiiii 
upwards, it will be found that, about three (piartir 
of tlie way up the plant, there are. two nodes wlii'i' 
there should be only one ; so that at this point Hht 
are two leaves, and sometimes two flower-stalkf, 
where there, should be only one of each. Beyond tii> 
point, as we proceed upwards, abnormal nodes i.: 
this kind follow one another in rapid succession nut 
we reach the top of the plant, from wliich tin* flower- 
stalks arise in such profusion that they form a sei' 
of crown of flo'wers. Thu name “ fasciated ” is give.', 
to this kind of stem; and in the pea, at any ruti'. 
tlic fasciation seems to be due, to the loss, by th 
plant, of something which brings about the produc^tier. 
of nodes at regular intervals, as in the; normal steiVi 

The fasciated pea was known in this country ii: 
the si.xteenth centur}', when it was described l>} 
Gerardo in his “Herbal,” published in 1597.* Ilf 
calls it “ Pisum umbellatum (Tufted or Scotlisl 
Pcas(r),” and says that these ptas “carry tlu’ii 

• For directing my attention to this and further references diii'i*’ 
kinds of jKia.s 1 am mueli ind.'btcd t(» a very interesting pa^er bv Mr. N- ^ 
Sherwood, on “ (hirden Peas ” in the Journal of the Jioyfil Uoriicvli^'' 
Sofkly Vol. XXII., Part 3, 1808. 
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friftt on t»i(‘ top of tlio brjinclu's, and tlioy arc' 
est'‘i‘in('d and taken for Sco’ttisli Peason, wliit-li is 
not veVy common.” Tlio fasciat(‘.d variety now 
exists under the name Mummy Pea. What tliia 
Hiiiiie, tneans i do not know. Many ])eo])le. imaj'ine, 
tliat tliese peas are found in Kfjyptian tombs. 

Mendel cKwsed a variety eharacteri.sed l)y a 
fii-ieialed stem, with a variety the stem of wliicli was 
niiriiial; and found tliat the. stem of the resultant 
hvlu'id was normal.* The second hybrid fjeneration 
Cl insisted of (i.al normal, anil *207 fasciated plants. 
Only a hundred of these tj.Ol normal plants were 
t. sted to see if they wen* pure or hybrid normals. 
*Ten seeds of each of the hundred ‘were .sown, as in 
tile casi^ of the tall and dwarf eharae.ter. The 
olfsprinij^ of thirty-three of the hundred were normal 
without exe.eptioh. Of the. ofl-sprino of the remain- 
ii\,e sixty-seven, on the other hand, some weA; 
normal and .some fasci.ated in the* ease of uvery 
]»I;uit— as close an approximation to the eVpictisl 
Mendidi an ratio as can be obtained. In oilier 
words, of every three normals in the second hybrid 
.si'iie.Kition two bn the average ivere hybrid and one 
was pure. 

W ^ have so far dealt with characters of the sti'in 
of the plant ; first, with the differences in the length 
of tfie, internode^^whiclt produce tall and dwarf stems, 
“ud then with the differences in the arrangement of 

J’ inii ul:irs as lo how to prooiin* vaiiuliw whiih exhibit tlie chariicters 
■ ’ Jjy Mendel arogiviai on page 158, 
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' till) nodos wliich produce norin.il and fasciated stem. 
Wo shall now deal witt characters o[ the pods ; firs: 
with dilTorences in texture, and then with diiferoiici 
in colour. 

'Hie third character, with which Mendel expor;. 
iniaited, which we shall consider is therefore tli 
shape or, more strictly, the te.xtiire of the pod. Th 
pods of all the varieties of culinary peij. commoni. 
j'rown possess a tough, parchment-like lining, whir! 
makes the immature pod inedible and the axis 
the ripe pod straight (in the sense that a horsc' 
back is straight), and its surface even, as shoni. 
in the right-hand pair of pods in Fig. 0. Fi.: 
brevity in referen(!e, this type of pod may be callni 
“ hard.” There is also a variety of pea, the pods n: 
which lack this tough lining, the absimcc of whiri. 
renders it jiossible for the immature pods to be eatr:; 
-t-and very good they are. They are called sugar 
piais' in linglan-i and Germany, and the variety 
describial as sans 'parcliemin in France. The absenn- 
of .this irarchment-like lining has a very noticeabl'’ 
elTect Oil the shape of the pod throughout its develop- 
ment. The main aj'.is of the pod, unsuppifrttd b/ 
this tough tissue, becomes much bent and contorted, 
and the two Hanks of the pod collapse on to tie' 
seeds, so that the contour of the seeds can be.clearlv 
seen on the outside of the pod, and the surface oi 
the ripe pod is generally uneven, ,as is well shown 
in the left-hand pair of pods in Fig. 9. We nia.v 
conveniently refer to this type of pi'd n? 
“ soft.” 
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'flit! hiini- and soft-pod(l(ul varieties were also 
nowji to Gerardo. lie recognised “ Some with 
0U''li shhis or membranes on the cods, and others 
lave none’ at all, whose cods are to be eaten with 
he I’eason, when they are young, as those of Kidney 
leiins.'’ 

Mendel crossed these two forms aiul found 
,hat the hybrid resulting from a cross betwec'u 
1 hard- anti a soft-podded pi'a was hard -podded, 
t has sineti !)cen found that the potl of the hybrid 
3 iii'ver so hard as tlnit t»f the hard-ptxlded panuit. 
-{ui. this point retpiires further investigiition, and 
teetl not cojicern tis here. The second hybrid 
TttUiration raised by Mendtd front these hybrids 
Xtnsisted of 882 phmts with luirtl pttds tint! 209 
•lit tits with soft pods. A hundred of the hard- 
podded plants wpiV tested l)y sowing ton seeds of 
lach of them. Twenty-nine of them produced hard- 
poddi'd plants only; sevcnty-ontrprtJduced famflies 
m which both hiird-poddeil and soft-podded |)hints 
occurred -a tolerably close approximation to the 
Mondelian expi'ctation (twenty-nine instead of thirty- 
three or , thirty-fonr, and seventy-one instead of 
8i.\ty-sevcn (ir sixty-six). 

1 he ^fourth characteristic of the pea with which 
Meiidt-l dealt was, ris I have already said, the colour 
of I he unripe potl, , This, is, of course, usually gnien, 
in ordinary' kinds, the green only disappears 

Gie pod becomes dry and 'ripe. But there is 
* ' •n'lety of the oulinary pea in which the pod goes 
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yclicnv hefim it ripeiw. This cluangL in ctl 
is not tlui sumo us thut wliidi riponinjf pods under. 
or, if it is, it is tho sumc chunRc shifted' buck 
(h'.V(‘lopm<'nt, becuuso it tubes jduct*. loujf l)ofore ^ 
pods begin to dry und ripen. This turning yelk 
wliilst the, pliint is still juicy and growing, ufleotst 
stem und, ulterwurds, the leuves, as well as i 
pods; and it seed of yellow-podded and ordiu, 
green-podded plants are sown together tlu* nuiiili 
of the two kinds of plants can b«r counted ai. 
convenieidly by the stems than by the pods, 
pronounced is the dill<‘rence betweim the colour 
the green und thut of the yellow stems. In Fig. 1 
there, is sc'en, to the hdt, part of a plant of the. yelli'., 
podded variety; and, to the right, a specimen 
the ordinary grerm-podded kind. In the yelln' 
podded specimen, tlui p(tds themselves have g! 
’yellow, but the, leaves are still green; the coutr..- 
bet’ween the ]>.ue colour of the pod and the det'i'" 
cohuif of the leaf is clearly shown. The pod h"'' 
as if it were made of yellow wax ; and the analog'' 
yellow -podded dwarf bean is .sometimes called t' 
wax-pod bean. . . . 

Mendel crossed a green-podded with a yell.'" 
p«Hlde(l variety of pea, .and found that the oiT.sj)i'ir. 
w(rro green-podded. The second hybrid generati'' 
consisted of 428 plants with green pods and 1.52 wit 
yellow ones. A hundred of the grj'cn-podded plii''-' 
were te.st<^d, and forty of them gave rise to go’i'!- 
podded plants only; and sixty to both green- ai. 
yellow-podded ones. 



Vtiicu. 


lh| ordinui) Varirtv. 


mkm)i:i,ia-n ciiakacti'ks in tiik coi-oi'K oI" 

* TIIK POD IN Till-: Cn.lNAKV PPA 
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\\V iwjw'leavc tlu! characters of the pods and j)Jis3 
on to tiui colour of the seed coats, wliich is the last 
o^ lie* i*liiira(;ters dealt with by Mendel which wo 
shiill consider at present. The two colours that 
Meiidi'l worked with were white and “grey” — or, 
more stricdly speaking, a grey-green that becomes 
brown with .Ige. They were nicognised in the 
sixl --.01111 (;e;itury by Thomas Tusser, who refers to 
th--M( in his remarks on February in his “ Hundred 
Points of Crood llusbandrie,” which is printed on 
p. iii of this book. 


ruiuiviil* (imr-lie and all dial, gray, 
but sow.-, not tlu! wliitn till S. (Jn-fion.-s day." 

Till- vvliite seed-eoat is characteristic of the majority 
of fii-us etmimonly grown in the kitchen-garden. A 
pliml, that, has white seed-coats always has white 
flo;vers. The gn-y colour of the secd-eojit is charae.* 
ic of many but by no means‘.n»« field peas.. In 
ad-liiioti to the plain grey of the seeds there Is very 
ofti-n a greul.-r or lesser amount of purple colour, in 
t il lonn of minute spots distributed uniformly over 
t 11 st-eilrcoat. This purple ctjour is left 'out of 
< ount in considering the result of crossing white 

i grey. \ seed-coat always 

purple flowers. 

• A * • • 

"rey.. skinned pea is shown in Fig, 11 . This 
P-i iii-iilar race, lyjiich v{as given to me by Mr. R. H. 

' ' does not eihihit the purple spots. An ordinary 
e-skinned culinary pea is illustrated in Fig. 12 . 

A kind of pea, figured hy Cierarde. 
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I have shown the peas in the jxxls, In ordc'r 
emphasise the fact tliat all the seed-coats on a |(1. 
are the same — all grey on the plant in Fig. ; 
and all white on the plant in Fig. 12. Tliis iV 
very important point to bear in mind. 

Tlui hybrid produced by crossing a white-sliiiu. 
pea with a grey-skinned one was found by Mcii' 
tr) be grey. Tlie. second hybrid generation cousi.-.t 
of 705 grey-skinned plants, and 224 wliite-skinh 
ones. A hundred of the former wen* tested, n: 
thirty-six gave grey-skinned ones only ; th(^ reni.t 
iug sixty-four gave both grey-skinned and wlii’ 
skinned plants. 

Let us now take a retrospective glance at t 
five characters of the pea, the manner of inlici/ 
ance of which has just been des(rib(‘d. 

' Ijct them be considered first from the point, 
view of the tiuiu ac which they appear in the lii 
history of the plant. The difference between t. 
and dwarf appears in the v(!ry young se.(.‘dling I'i! 
before it needs to be supported with a stick. T. 
difference between normal and fasciated cejinot !' 
detected until the plant has grown to some Ikmi;! 
and needs the support of a stick; but it can be’ so 
before the appearance of the flower buds, 'i- 
differenc(5 between hard and soft pods cannot, ' 
course, be detected until after the f'ower is “ over 
and the pod has begun to develop, but it can be s' ' 
very soon after the pod projects beyond the witiieo 
petals, and long before the peas begin to fill out t- 
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K)d! It ‘is ‘not, however, until this stage in the 
levcliij*ment of the pod is reached that the difference 
^jetweeii llii'- yelh>w and the green pod can be observed. 
And. last I V, the colour of th(! seed-coat cannot be 
’,een. because^ it is not developed, until the pod, con- 
Udniiig it, is rii)e and dry. 

]), will be rn)ted that in tlie above recapitulation 
the five ehatacters have been placed in the order in 
which we have considered them in detail, and also 
in the order in which they appear on the plant. 

Th(>re remain two characters of the pea dealt with 
by Mendel ; but they will be taken out of their order. 
They ;ir(^ the earliest of all to appear; so early, 
indei'd, that they can be seen btfforc the seed is 
planteik-i.e. as soon as it is taken out of the po<l. 
Itr'will be remembered that the earliest character 
which we have 'yet considered (the distinction 
between tallness and dwarfness) was visible in the* 
young s(>edlings. The tw'o (diaracters'still to be dealt 
with bi'long to the first two leaves of the plant* which 
remain in the. !;jeed, and never come above the ground. 
These first twt» leaves, or cotyledons, are so important 
cCono.ui(^dly, because they contain the food-ihaterial 
(stareh aml^ sugar) which renders the pea valuable 
fts lood, and the 'characters in respect of which they 
^dificr (|ave played so prominent a part in estab- 
lisluTig the reality of the Mendelian phenomenon, and 
m testing the thagries put forward to explain it, “that 

aspeeiijl chapter ‘will be devoted to their consideration. 

% 

y 

bet us now take a general survey of the five 
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instances of the Mendelian phenomenon witli w!. 
we have dealt, and note the points which t' 
exhibit in common. In eacli of tlie five ihstui 
the characters were (ionsiderod in pairs — tall 
dwarf, normal and fasciated, and so on. Tile. ji;. 
Ihtation for this is that in every case the two characi 
of a pair always appcrtiiin to the saxoc; part of ; 
plant — to the stem, or pod, or seed-coats. And 
only so, but to the same feature of a particular j, 
of the plant. Thus tallness of stem and softness 
pod do not constitute a pair, because they relati- 
different parts of the plant. Nor even do tallnes' 
stem and fasciation of stem constitute a pair, becui 
though both relate to the stem, one relates f(» ; 
length of the internode and the other to the ai ran. 
ment of the nodes. Thus the two characters wii 
constitute a pair ajipcrtain to the same feature >•: 
particular part of tlie plant. 

A further cllafacteristic of the two members e; 
pair is that when an individual bearing one of tli' 
is mated with an individual bearing the other, i 
resultiiig hybrid usually bears one of the pair 
characters to the complete exclusion of the •ot!:'- 
In the case of tallness and dwarfness, for instmv 
the hybrid exhibits no trace of the dwarf charaetc 
but in the case of hardness and softness of pod;*. ' 
pod of the hybrid is a little softer than that 
its hard-podded parent. That character of a !'■ 
which completely or partially excludes the <)tlu'r 
the pair, in the hybrid, is called the Dominant inenil 
of the pair ; the other character is called the Rcccsm' 
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ono bociiusi^ it remlos, as it- were, for oik* p'licralioii, 
but r»'ap])(‘ar.s iti tb(^ lU'xt. 

Till' (lijiniuaut aiul ivccssivi' nu'inbi'rs of llii' livti 
jiairs of cliaracli'is which wc- liavc dcall with arc 
shown ill tlic following' tabic ; — 



ftaturt- Ilf On rf'iut nfj>rl,ii 

Jf"nnhntil ; 

III ri Ns/T*,’ 


Inj thf iu'o rlturiirti 7 s nj 

.l/( nifii r iij 1 

Mnnih'r 0/ 


* thr l*nir. 

1*11 ir. 

l\nr. 

1 st. 

benj^th of iiiierntide. ■ 

1 

1.01 10 I 

Short 

(jinMlneino i 

(prodiioir.o; 



tallness) ; 

d war I'll ess) 

‘Jiwl „ 

Arrange*iiierit of nodes 

I 

Normal | 

1 

Ahnonnal 

(proilueiiio 

„ ! 


1 

faseialion) 

'rexliin* of pod 1 

iliird 

Si ) 1 1 . 

HU „ i 

•Colour of unrijM*, pod i 

tJreeii I 

Yellow' 

r ■ 1 * 1 

. . . 1 . ,, 1 

(■^olourof ripe* st*ed-eo:i< 

Crey ' ‘ 

W'liite. 


V 


Mondolian })ln'Tionu*nnn (.sfr i 1 h'. Froiitispiocr) 
can now Ix^ (Icscrihcd in general t(*rnis. 

Tli(^ n'sull of (Tossiiij^ an individual Ix'arin^^ a 
doTiiinaul character with one* bcarin*^ a r(‘ccssiva 
(‘haracter an* hvbrids l)carin^ IIm^ dominant chanfcli'T. 
These, (^mftliluto the first hyt)rid» ^(‘ncration. Tlici 
second Jiyl)rid,^(‘mTation consists Ijoth of iiulivaMuals* 
bearing the (huninaFit charact(*r ami of iiidivi<lualsi* 
bearing tiie recessi\(5 character, in the*, ratio of three, 
dominants to one, recess! va* in every four, on the, 
average*. Of the*;'*!* dominants om* is a j)flre, 
<lominan1i„ and will produce emly dominants. Tlui 


* Soiiii*! iiiirs r.-illffl (I«)iiiiii:iiit> fur Itn-vily. 
t Soiiifliiiifh calkti for Im viiy. 
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other two are hybrids, and will produce dominants 
anil recessives in the proportion three to one', 
just as the hybrids of the first hybrid genera- 
tion did. 

We see, therefore, iliat when the recessive 
reajipears in the si'cond hybrid generation (an 
extracted ri'cessive, as it is then 'called), we may 
count on its being pure, and be confident that 
it will breed true ; but we cannot tidl whether 
the dominants which occur in the second hybrid 
generation are pure dominants or hybrids until 
we have bred from them. This can be done in 
the case of self-fertilising plants by allowing self- 
fertilisation to* take place and by sowing the s:ed 
thus set. If dominants only an; produced, it is 
pure ; if dpininauts and recessives, it is hybrid. But 
tluire is another way which is lanich more suitable 
in the case of animals, in which the sexes are separate. 
It has been f(?iind that if a hybrid of the first hybrid 
generation is mated with a recessive, half of the 
dolTspring are hybrids (bearing the dominant character, 
of cfnirse), and half are recessives. 
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(iKXKHAL C’llAKACTKIMSTK'S Oh' Til H MKN'DELIAX PlIFA’O- 
.MKXO.V IIAl'SI'KATh:i) MY THE CASK OK THE 
ANI,)AI,rSIA\ KOWIi AXI) THE IXIIKIUTANCE OK 
EYE-COLOUIl IN MAX 

f I’Koi’OSE to f^ivc now sonio I’urllu'r instiincos of the 
Metidclijm liercditiiry |)li(Mionu'n<»u lo illiistriite soiiu* 
of its {'(‘nenil ch:ir;i(deristics. Ono of the most 
strikini; instanei's of the Mendel ian jilienoinenon is 
tFiiit whieli is exliibited by the breeding' jiropi'rties 
of the Andalusian fowl. In perlaips, no other ease 
is th(! contrast lii'tweeii what actually occurs 
and what we. expciit to happ(‘U, seen in bolder 
ivliv.f. 

The blue Andalusian fowl owes its popularity 
with the jiublic, and its inten'st to tin* student of 
heredity, to ilv colour. This is a slaty bliie-f'rey.’ 

If two birds (if thi.-i strain are mated, it will 
be* fou’nd* that tiny do not breed true. Resides 
the Ijlue birds which haUdi out. tluTe will also 
be a certain number of blacks, and of whites with 
pecasiood black ooints, liereafler to be referri'd to 
simjily as “ whites.” If the blues thus produced are 
maled loife.the.r, * blacks and “whiles” will acain 
appear omoiifjst their olTsprin^r, and no amount of 
breeding; from the blues alone will rid them of the 

0 33 
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l)I;i(*,k and wliih*, ])I<h)( 1 w1ii(jh will (*n)j) (*nt at o 
<i;Tm(‘raii()ii, altli()iiii;li *l)hic birds only arc i»'.< 
(^vory tiiiK?. 

1 an account of tho above facts in an ai-1 
on Miuidelian primriples wliicli I wrote for 
(Smhtrij Home. An ac(|uaintanc(‘, wlio kept fo\ 
read the article', and said to me that thouf^li 
arti(*1e as a wliole was very interostin}?, wliat I 1: 
said a, bout Andalusian fowls was, of course, untr. 

“ It stands to reason,” slu'. said, '' that if you contin 
to breed from tlie Anelalusians alone* ye)U will ul 
mate'ly fix the strain. It is ce)mine»n semse*.” Le*t 
se>e wliat actually happens. When blue Andalusiai 
are mateel tojje'ther, birels of thre>e type's e)f cole)ur a. 
preidueie'el in the fe)llowin}4 pre)pe)rtie)us : erne. blae‘l 
twe) blue'. Anelaiusians, and eme white', in every feiu 
birels, on the averages The bhe*ks are feuinel t* 
#breeel i.rue*. ; so are*, the* white's. The Andalusian: 
whe'ii mate'el te)<iethe'r a.<![a.in preieliii'e the'sc thre'e 
type's in the* same projiortions. The re'siilt may be 
exjire'ssed in the feirm of a venealeijj^ical table*, as 
fe)lle)wa: — 

IMee* V \)\\u\ 

I 

I ! I 

i. r.iack 2. i;iii(> 1. will).- 

I _ I 

i I I. :i , 

Hl-'cl;s only 1. I.Iack 2. i. \\ liil(> \\ Iiilrs only 

It Ls impossible to look ut this table without 
suspcctiii}' that the blue Audalusiaii is a hylnicl, like 
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tliu liybriil tall poa, and that tlia two forms which 
corrcsjjond to the pure tall and pure dwart in I lie 
peas arcjjtlie black and white birds respectively. Or, 
rather, tins ease, more closely n'sembles that of IIk* 
texture of the pods in the pea wluM’e, it will be remmn- 
bored, the result of cmssiiijj; a hard-ixxhh'd with a 
soft-podded j)oa was a pea whose pods wmv ifit(‘r- 
mediatc in texture — betwemi thos(*o[ its two jiarents, 
but closer to those of tin* former. 

He this as it may, the result of crossing a black 
and a white* is a blue. Andalusian, and blue*, birds 
obtained in this way, when mati'd t(\^(‘ther, produce, 
a pe'TU'ration of fowls ceinsistinjf of about euu* black, 
t^j'o blues, and one* white in e^ve-rv four. 

The* ,i\Ie*nd(*lian plu*nome*non eLxhibiteMi by tlu*se 
fowl< ma.y l)e set forth in the*, feirm of a. i>'e'ne‘ale)^o(-,l 
table*. (Kiu:. 14) ce)nvspe)ndin<j: to that re*pre*se*ntin.<f 
th(*j*esult of crossinfi; a tall with a. dwarf ])e‘a. A 
<*e)mparison between the table of the* fenvis and that 
e)f the* ])e*a.s brin^^^s e>nt. eme irnpeutant. point e)r elilTeu’- 
<‘nce‘ be*twe*en them. In the* e'ase eif the* pe*as, th.* 
hybriel tall, whe*t.he*r it eiccurs in the* (irst eir se'e*e)ne| 
hybriel ,ge*aeratiem, einly elillVis f*’e)m the pure* tall 
by its bree‘elinf( ])rope*rtie*s anel neit. by any out ware! 
e'.haracreristie^s eif its e)wri — eir, more* strie*.tly, neit by 
any cliaracteristics eif its eiwn so far as we* know at 
I'uvsent. Jt is lud impre)bable* that ae curate* me*asure»- 
me*7it may reve*al a elilte*re*nce*. JA)r the* pre‘se*nt, 
he)we*ve*r, at any rate*, tlu*. liybriel tall anel pure*, tall 
are identical se) far as we kiieivv the*m, e*xe*e*pt in 
the*ir breeding preipeuties. In e)tlie*r we>rels, the* tall 
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oliaractor behaves as a 8impl(3 (loiTiinax.t wlu 
iiKH^ts tli(i <lwarf character, in a cross. 

lint tlie case exhibited by the Andalnsi.m 
is different. The so-called blue colour of" this 
may, or may not, b(! described as an interhus 
between tlie black and white of tlu; fowls w 
j)roduce it when they are crosseil ; b^t, at any i 
it is different from either of them, and the impor 
jahut to note is that th(3 hybrid, wlndher of the 
or second or third hybrid fftmeration, is distinguis 
frcmi both of the panmts of the cross, not only 
its breeding prop('rtie.s, but by easily observa 
external characteristics. 

The reader wfll probably admit th«'. rea.sonabl('n 
of referring to the black fowl as the dominant, and i 
white as the recessive, althoimh the bhu'k is* t 
absolutely dominant over the wlrte in the residt 
" the cross. It is expedient b) luse thes»* terms in ti 
case, because it is convenient to have a general tci 
to apply to the characters of the two fori>is crosse 
It is also legitimate to use tlnmi because the <lifferen 
betw'een the rcisult of cro.ssiug the black and tl 
white fowl and the result of cro.ssing the tall at 
tlwarf pea is only on<t «)f degree. In the cast; of ll 
ptia, tallness is completely dominant over dwarf; i 
the case of the Ibwl blackness may be saitl t() be onl 
partially dominant over whittmess. Moreover, it ma 
be ‘that the. appearanee. of complete dominance i 
merely that to the fact that we art; as yet unable t< 
detect the, difl(!ren<e. between the liybrid and tht 
dominant in the case of stature in peas. Tiffs is lu 







CASE OF t6e ANDALUSIAN FOWL 37 

idle pio|>li^7; for a diSerenpe between the hybrid 
and the dpminant parent has recently been detected 
by the £ 3 ^ of the microscope in a stock instance of 
simple dominance — ^roundness and wrinkledness in 
peas. This will be described in detail in Chapter IX. 

If, therefore, we compare the two genealogical 
tables (Frontis'^iece and Fig. 14), we see that the 
Mendelian phenomena, as exhibited by these two 
cases, are perfectly analogous. The oidy difference 
between the two is that in one case (that of the peas) 
the completeness of dominance of one character 
makes it impossible to distinguish between dominants 
and hybrids, so that the second hybrid generation 
afi^rs at first sight to consist of three individuals 
bearing*the dominant character, and one bearing the 
recessive m every four, on the averagv; and it is 
not until we breeff from these apparent dominants , 
that we discover that one of the three is a pure 
dominant and the other two are hybrids. Iq fact, 
it is only when we have raised the third hybrid 
generation that we discover that the second hybrid 
generation consists of one pure dominant, two 
hybrids, dhd one recessive in evefy four. 

Bu^n t)^ casg of the fowls, where the dominance 
of black over white is incomplete, or, at any rate, 
where the hybrid bears a colour which is peculiar to 
itself,, the real constitution of the second hybrid < 
generation (one p^e domintlnt, two hybrids, and one 
recessiva) is apparent directly the individuals com- 
posing it have been raised. 

If 4e Frontispiece and the Andalusian pedigree 
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are folded out and coyapaied it will be seen that the 
two aie fundamentally the same, and correspond with 
one another individual for individual. The point in 
which they differ is an unessential feature of the 
Mendelian phenomenon — ^namely, the matter of 
dominance. The fact that the dominant and hybrid 
tall appear to us identical is probably no more than 
a measure of the crudeness of the means which have 
hitherto been adopted to distinguish between them 
— observation by the naked eye. 

The point in which the two tables agree is the 
essential feature in Mendelian inheritance, and con- 
sists in the or<^erly reappearance of the characters 
of the two varieties crossed, amongst the progeny of 
the cross, in definite numerical ratios and in a state 
as pure as^hat in which they existed in the two 
parental varieties before the cross was made. The 
term Segregation is commonly used to denote this 
splitting out of the parental characters amongst the 
offspring of hybrids. 

‘ We may obtain some idea of the value of a know- 
ledgejof the Mendelian phenomenon to the practical 
breeder by comparing the fate of a would-be breeder 


of one who did not. The breeder who had not heard 
of the Mendelian discovery, or had heard af it and 
had rejected it as contrary to common sense, would 
continue to breed from his Andalusians from genera- 
tion to generation in the hope that ultimately he 
would eradicate the black and also the white taint. 
But he would never obtain more than 60 )>er cent. 
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Andalusians amongst his chicjcens, and he would not 
be able to sell the blacks and whites, which would 
make u^the lemaiuing 60 per cent., at anything like 
the price which the Andalusians fetch. Mr. Sturges, 
in his “ Poultry Manual,” states (p. 244) that these 
so-called mismarked chicks are usually killed at an 
early age or (fold as wasters. 

The breeder familiar with the Mendelian pheno- 
menon would never mate Andalusians together, but 
keep a small stock of blacks and whites, and always 
pair black cocks with wliite hens, or vice versa. In 
this way he would be relieved of the expense of 
rearing, and the trouble of getting rid of the black 
aii4 the white wasters; and would be certain of 
raising 100 per cent. Andalusians, {ill of which he 
would sell at good prices. « 

The case of the Andalusian fowl places the whole 
question of the fixation of varieties in an entirely 
new light. , 

Breeders have long been familiar with certain 
varieties which were tolerably easily fixed, and with 
others which seemed to withstand every e&ort ol 
the blredder to fibc their qualities. The Andalusian 
fowl .1)^ ^r loqg been a flagrant example of sueb 
an unfixable variety. For fifty years it has been 
, bred, and it cou.es true to tjq>e no more now than 
when the attempt to fix it Ikgan. The reason u 
simply that thd ‘Andalusian is a hybrid: the* par- 
ticular.blue colour, which characterises it, is peculiu 
to and only manifested by the hybrid bird, whethei 
t^ bfs produced by the union of such hybrids oi 
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by the muon of a black and a white. Mr. Sturges, 
indeed, seems to incline to the view that, the Anda- 
lusian actiially arose from such a cross. There is no 
doubt that the Andalusian is a very near relation of 
the Black Spanish, and that both of them came from 
Spain about the middle of the nineteenth century. 
In 1846 a Mr. Barber imported black and also white 
fowls from Spain ; and Mr. Sturges suggests (“ Poultry 
Manual,*’ p. 437) that “these may have been the 
foundation of the Andalusian. This,” he continues, 
“ is borne out by a further note : Another gentleman 
says : ‘ 1 have a few chickens out from Mr. Barber’s 
Andalusian hens (called Andalusian because they 
came from thence), some of which seem to be ^ae 
true old Black Spanish, and some a grizzly white . . . 
some of thesis are of a blue or grey or slaty colour.’ ” 
Here we catch a glimpse of the Mendelian phenomenon 
being unfolded before the eyes of a man who cannot 
have apprehended its significance, and before Mendel 
had begun his experiments. Such glimpses are com- 
forting to those who, like myself, have a horror that 
this kind of orderliness in natural processes is not 
seen or, at any rate* not so easily seen until we have 
been led by some portent, like Mcndel’r dircovery, 
to expect to see it. 

HUMAN EYE COLOUR 

In the case of the Andalusian fowl we considered 
an instance of the Mendelian phenomenon in which 
the hybrid bears a character peculiar to itself— the 
blue colour we have described. 




H'G. 15.-VHKTI(:AI, section of human eye of 


SIMPLEX TYPE 


Biildiiii! (inl tn the li-lt is ihi> iiiuiih tniipniit conici. Al the piiiiils ttheri’ this 
loins the main nail of the eye there are two proiedions, each bordered on their 
sides remote fr^nn the cornea by a dark line; this is the iris seen in saction. 
I he space between the free ends of the projections corresponds to the pupil ol 
the eye. The larije oval body bi'hind the iris is the lens. ’I he hranchini! pro- 
je^tioi^ just aho\e and helow the lens and the lotii! ones fariherito the riijht 
do not concern ns. * 
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The chaiacter which I prc4>ose to consider now 
resembles the case of stature in peas, in that the 
hybrid does not differ externally, so far as we 
can see, from the pure dominant. It is also of 
especial interest because it is one of the few 
Mendelian characters which have been discovered 
in man. 

When weispeak of the colour of the human eye, 
we are speaking only of the colour of a particular 
part of it namely the iris, which is the only part 
of the eye the colour of which varies to any great 
extent. There is, of course, an almost infinite variety 
in the colour of the eye ; but the various t3rpes of 
col^ ^ can be grouped into two large classes according 
as to.whetiier there is brown pigment on the outer 
surface of the iris or not. When the vdiole of this 
surface, which is tffe one that we sec when we look 
at the eye, is covered with brown pigment, the eye 
is brown ; and when there is no such brown pigment on 
the outer surface of the iris the eye is generally blue. 
The word duplex has been coined to denote those 
eyes in which there is some brown pigment in front 
of Ihe iris*; and simplex to denote those eyes in 
which there«is none.’*' Speaking generally, duplex 
eyes are brown, and simplex are blue. But as the 
two clasAes, duplex and simplex, include the whole 
range «f human e^e colour it is evident that duplex 
does not simply ffiean brown and simplex blue, 

* These terms were introduced by Mr. C. C. Hurst, who was the first to 
discover, m|eBtigate and record the Mendelian inheritance of eye colour 
in nuyi. f 
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because they also include the green, the grey, and 
the hazel eyes. 

A duplex eye is, as we have said, 'iny eye in 
which there is brown pigment in front of the iris. 
This brown pigment exists on the top of the fibrous 
tissue of the iris which appears blue ; so that if we 
could dissolve away the brown pigment from a dark 
brown eye the blue would appear underneath. There 
is every degree in the amount of this brown pigment. 
If there is very little indeed, it usually exists as a 
thin ring round the pupil, all the rest of the iris 
being blue. This has been called a ring-duplex, and 
if there is a mere trace of the brown pigment, a duplex 
eye of this kind would doubtless often pass'*'^ a 
“ grey ” or even “ blue ” eye. If there is more of 
the brown pigment, a “ hazel ” eye is very often the 
result. In another form of duplex eye the brown 
pigment is distributed in patches over the blue 
ground colour which can be seen between the patches ; 
“ hazel ” eyes are also often the result of this arrange- 
ment. When there is a very thin uniform layer of 
brown pigment, the colour of this (a sort of yellow 
ochre) blends with the blue of the background, which 
can be seen through, and a “ green ” ey" is +he result. 
And, finally, there are the self-coloured duplex eyes 
in which the brown pigment is spread iiniformly 
over, and completely concealing, the blue back- 
ground, giving the various intensities of brown eye, 
according to its abundance. 

A simplex eye is one in which there is no brown 
pigment on the anterior surface of the iris. All the 
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clear blue' and grey eyes are of this class. The colour 
of simplex ^yes is not due to the colour of the fibrous 
tissue oi the iris itself, which consists of muscle 
fibres, nerves, blood-vessels, and so forth, but to a 
layer of dark purple pigment behind the iris, called 
the uvea. In the new-born infant the fibrous tissue 
of the iris is very delicate and transparent, so that 
most of the colour of the uvea can be seen through 
it : that is why the eye of the new-born infant is 
dark blue. A clear blue eye is due to the delicacy 
of the fibrous tissue of the iris, which permits the 
colour of the uvea to shine through. A pale blue or 
grey eye is due to the coarseness qj: “ stringiness ” 
of '^ljp fibrous tissue, which prevents most of the 
colour -of the uvea from being seen. JBvidence that 
the colour of very pale blue and of grey* eyes is due 
to the colour of the* uvea which can filter through the 
fibrbus tissue in front of it, and not to the colour of 
the fibrous tissue itself, is afforded by the fact t^at in 
albinos in whom the uvea is colourless the iris 
appears pink, this colour being given by the blood ib 
the fibrous tissue. The various colours of simplex eyes, 
namely^ tffe different intensities of ’blue and grey eyes 
and the ipt&fiQediates between these two colours, are 
therefore due to differences in the texture of the 
^brous portion of the iris, which allow different 
ainbnets. of the colour of the purple uvea behind to 
filter through. *• 

A simplex eye, therefore, is one in which there is 
only one layer of pigment, the purple of the uvea ; 
a duplex eye is one in which there arc two layers of 
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pigment, the purple of the uvea behind tht 
and a varying amount of brown pigm^t in . 
of it. 

If the reader prefers the use of familiar t 
duplex may be spoken of as brown and simple: 
blue, and in nine cases out of ten the applicatio 
these common words will be correct; but it r 
be remembered that there are some eyer. which wc 
be described as blue in common parlance, but wl 
really faU into the duplex class because they post 
a trace of brown pigment. 

The result of a union between a person with a p 
duplex eye and one with a simplex eye is a ch 
with a duplex eye. Duplex, therefore, is domirf 
and simplex is recessive.’ The generation produc 
by the union of such hybrid duplexes, as we m 
call them, consists of three duplex and one simpl 
in every four. These simplexes breed true, i. 
produce offspring with simplex eyes only, when mate 
with their like. Of the three duplexes, one, the pm 
dominant, will, if mated with another of the sum 
kind 'produce pure duplexes only. The other tw 
duplexes are hybrid, and when mated with simila. 
hybrid duplexes will produce duplexes and simplexe 
in the ratio of three to one. The reader may make t 
scheme of the mode of inheritarce of human eye 
colour by substituting duplex for tall, and simplex 
for dwaiJ in the frontispiece. 

At the beginning of the last paragraph I spoke of 
“ the result of a union between ... a pure dwplex eye 
By “ pore ” I do not mean anything which 
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I tXs to tli9 coloui of the eye. I mean pure from 
point of view of its breeding properties, as opposed 
lybri^* ih order to distinguish it from the latter. 

; the question will present itself to the reader : 
ir is a pure duplex to be distinguished from a 
•rid one f The answer has been briefly given at 
conclusion oS the third chapter. It was there 
»d that th^ simplest way, in the case of animals, to 
BTig iiiwh between the pure dominant and the 
trid bearing the dominant character was to mate 
individual in question with one bearing the 
sssive character. The reason that it is simpler to 
I out whether an individual is hybrid or pure 
mating it with a recessive, than by mating it 
ii dhother hybrid (which was the means adopted 
the* case of the peas) is that there’ is no means 
finding a hybrid, to mate it with, other than 
iby Jbreeding one for the purpose by mating a 
dominant with a recessive — ^for this purpose it does 
not matter whether “the dominant” is pu/e or 
hybrid. And even if a hybrid could be found, if 
the individual ^ be tested happened to be a 'pure 
donunaqt, .the result of mating it with a hybrid 
would be equal numbers of pure dominants and 
hybrids, SllKfl which would be alike ; that is to say, 
it would be the same result, so far as we could see 
ftom the characters of the individuals themselves. 


I as that of mating J;wo pure dominants, which would, 
! of course, be nothrog but pure dominants. 

The difficulty of distinguishing between pure 
I dominants and hybrids has not presented itself 



46 BREEDING 

before, because in the peas where self-fertilisation 
always takes place, when it is not artificially prevented, 
like always mates with like, so that there is<no chance 
of a hybrid mating 'mth a dominant ; a’nd because 
in the case of the Andalusian fowl, the hybrid difiered 
from the dominant (which we called the black type 
for convenience, and not without justification) in 
visible characteristics. This difficulty ^presents itself 
not only in the case of human eye colour, but in all 
cases in which self-fertilisation does not occur, and 
the hybrid is externally indistinguishable from the 
dominant parent. The practical solution of the 
difficulty is to mate the individual in question with 
one bearing tht recessive character. If all the ofi- 
spring bear the dominant character, it wa§ iTpure 
dominant ; if* half bear the dominant and half the 
recessive, it* was a hybrid. Anqther reason why it 
is better to test the nature of an individual bearing 
the dominant character by mating it with a recessive, 
than* by mating it with a hybrid, is that if the 
mdividual tested is a hybrid it wiU only produce 
one secessive in every four in the former case, but 
will produce one jn every tm in the laj-^tef. ^d 
where only a small total number of offspring can be 
raised this is obviously an advantage. ** * 

I have discussed this at some length, because it 
is a question which is very likely to crop up in practice 
and because I wish to lay emphasis^ on a gener&l pro- 
perty of the hybrid, namely, that when hybrids are 
mated with recessivcs they produce hybrids and reces- 
sives in equal numbers, and when mated with domi- 
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anti|they.pK)duce dominants and hybrids in equal 
umtoTS. Thus, if our tall peaS of the first hybrid 
eneration<had been crossed with dwarfe they would 
ave pro(fuded tails and dwarfs in equal numbers ; 
nd if Andalusian fowls had been mated with the 
rhites they would have produced equal numbers of 
mdalusians and \Khites. And if hybrid tails had been 
rossed with pure tails, equal num,bers of these two 
inds of tails would be produced ; and if Andalusian 
ewls were mated with the blacks equal numbers of 
;lack and Andalusians would have been the result. It 
9 desirable to know this property of hybrids, because 
f one does not, the existence pf families composed 
)f both blue-eyed and brown-eyed cBildren, one of 
)he pamnto of whom was blue-eyed whilst the other 
vas brown-ieyed, does not seem reconcilable at first 
vith the statement tjiat the result of mating duplex 
[or brown) with simplex (or blue) is invariably duplex. 
Fhere is, of course, no contradiction, as the reader 
viU now readily see ; in such cases the duplex pafent 
Has evidently been a hybrid duplex. 

Moreover, this type of mating — ^hybrid ‘by 
lomigant| q^ hybrid by recessive^plays an im- 
portant part in the Mendelian theory of sex, 
and in tlK*^heor 3 f of the origin of Mendelian 
characters. 

•.Before *quitting the subject of the inheritance of 
eye-colcftir in man, it may be useful to set forth the 
breeding properties of simplex, and of pure and 
hybrid du;^lex eyes, in a few shisrt general state- 
ments. 


I 
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Hie nature and result of the union ^etweer^. two 
persons, both with duplex eyes, may be any one of 
the three Mowing kinds . , 

f ■ 

A. Pure duplex by pure duplex, giving all pure- 

duplex. 

B. Pure duplex by hybrid duplex, giving these 

two kinds iu equal numberst 

0. Hybrid duplex by hybrid duplex, giving 26 per 
cent, pure duplex, 60 per cent, hybrid duplex, 
and 26 per cent, simplex. 

Unions between duplex and simplex can only be 
of two kinds 

* 

D. Pure duplex by simplex, giving all hybrid 
duplpx. 

B. Hybrid duplex by simplex, giving hybrid 
duplexes, and simplexes, in equal numbers. 

Unions between two simplexes can only be of one 
kind, inasmuch as there is only one kind of simplex, 

. the pure. 

^e above statements are true of the three kinds, 
simplex, pure dyplex, and hybrid duplex, whatever 
may have been their origin. Thus, i^ a simplex 
occurring in the second hybrid genwa'-ion mates 
with another simplex of like extraction he or she 
will produce noth^ but simplexes as assuredly as 
will two individuals both with simplex eyes who 
have descended from, say, two ^nerations of simplex 
ancestry. Or, to* express this in general terms, the 
offspring of a man and a woman both possessing blue 
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ejf(l l)i M Weil fniii (of coone, Ijkid) 
kjen prati 01 loHi adce ii yi cases, vil 
possess U eyes as cetiulj as i ^ 
pumlii al y Uiie eyes, flie olpiiin 
mioi of ti peisoi vitli simplei eyes, vktevet 
tlieii icesby is, d levet Isto ki eyes, it 
aiy nil, do eiceptioDs to tliis nle kye yet lieei 



CHAPTER V 


THE INHERITANOE OF TEE CHABAOTEBS OF THE SEED 
IN THE CUUNABY PEA 

We have so far dealt with only five of the seven 
characters of the pea experimented with by Mendel ; 
and the reader may remember that they were dealt 
with in the order in which they appeared on the 
plant: the first was the stature of the plant, 
whether tall of dwarf; the last was the colour of 
the ripe “seed,” whether “grey” or “whiie.” 

Suppose that it is spring, and that you' have 
just sown the seed to produce the second hybrid 
generation from a cross involving any of the five 
pairs of characters already dealt with. If the pair 
of characters is tallness and dwarfness, you will 
be able to count the numbers of tails and dwarfs 
as soon as the young plants are a few inches high, 
that is to say, earjy in May ; but it will be necessary 
to wait till the plant is ripe and dry, that is to say, 
till the middle of August at the darliestr'''ltefore the 
number of white-seeded and grey-seeded plants can 
be counted. And the numbers bf plants with , tbv) 
three characters intervening in ^ the date of their 
appearance between these two extremes can be 
counted at intervesiing dates. 

* Except when there is » dtonght like that of the rammer of 1911. 

SO ‘ % 
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)he t'v/o charaoteis, to be dealt with now, appear 
earlier than the earliest of the five which we have 
BO far^sangidered, namely stature. But these two 
characters appear by the heading of the chapter 
. to be characters of “ the seed ” ; yet I have just 
said that the difference between grey-seeded and 
. white-seeded plabts was the latest to appear. How 
can characten of the seed be both the earliest 
and the latest to appear 7 What is the meaning 
of this apparent contradiction 7 There is no con- 
tradiction, and we can understand how a character 
of “ the seed ” can be both the earliest and latest 
to appear when we understand what a seed is. 

Su| 2 pose that you decide to repeat Mendel’s 
ezperim^ts with peas, and to cross tails with 
dwarfs ; suppose that you decide to breed tails 
and dwarfs separatSly for five generations to make 
sure* that they breed true to their characters before 
you cross them; and suppose, further, that^ou 
buy some seed 6f a tall variety and some of a^ 
dwarf, and sowdt; the plants raised may be. de- 
scribed as belonging to the ^st generation of the five 
that'yod propose to breed. Now,* consider one of 
the seeds pioduced by one of these plants. Only the 
seed-coat — ^the thin, outer skin of the seed — ^is a part 
of, this plant of the first generation ; all that is 
inside ihis seed-coat is the embryo plant of the 
next, or second, generation, together with its first 
two relatively enormous leaves^’ If the seed is 
: soaked and dissected the two hemispherical leaves,” 
or cotyledons as they are called, are seen to fill up 
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almost the entire space within the seed-coat; and; 
lodged between them — and, of course, attached tc 
them — are seen the little shoot and rool;;- which 
are all there is, as yet, of the embryo plant. 

These two cotyledons (which are the hemi- 
spheres which constitute “ split peas ”) are supposed 
by some botanists to represent leaves which have 
become greatly modified in accordailce with their 
having taken on a function not usually performec 
by leaves, namely, that of acting as a storehouse 
of food material for the young plant. Unlike 
ordinary leaves, these cotyledons do not come 
above the ground when the seed germinates. Ir 
the case of many plants, however (as, for instance, 
the sunfiower), in which the cotyledons are lese 
specialised as storehouses of food material, thej 
do come above the ground ; and, although in the 
latter case they behave physiologically like ordinary 
leaiTes, they nearly always differ in shape from 
^the other leaves of the plant. 

The whole of this store of food- material is laic 
down in the first two leaves (or cotyledons) of the 
embryo plant f>efore the embryo pea-plant hae 
become detached from its parent. In..f)ther words 
the food material in the first two leaves of ou: 
plant of the second generation^ is being 'laid dowt 
whilst that plant is undergoing its early develop 
ment within the seed-coat, whfch, as we have said 
is a part of our plant of the first generation 
- just as the embryo of a mammal is nourished ii 
the womb. In fact, the womb with its /iontainec 
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* * 

emoryo is Roughly comparable to the seed: the 
womb is a part of the mothe(, the embryo is the 
nezheeneiation. The seed-coat is a part of the 
parent^aiit, the embryo with its two cotyledons 
is the next generation. 

Mendel experimented with two pairs of 
characters of these cotyledons: one pair related 
to their colour, which was either yellow or green ; 
the other to their shape, which was either round 
or wrinkled. Let us consider the colour first. 

In the title to this chapter I have spoken of its 
contents as being concerned with the characters 
of “the seed.” But, now that I have explained 
that a seed is a composite structure, i.e. that 
the dhed-coat is a part of the parent plant, 
and thab everything inside this sedd-coat is the 
embryo of the ]:\pxt generation, it is necessary 
wl\pn we speak of the characters of “ the seed ” 
to make it perfectly clear whether we are referring 
to the seed-coat which belongs to one generation 
or to the cotyledons which belong to the nexl^ 
Let it be clearly understood, therefore, that the 
character swith which we are ngw dealing is the 
colour of the cotyledons, and not of the seed-coat. 

MendSi' crossed a plant the first two leaves or 
cotyledons of which were yellow, with a plant 
the cotyledons ol - which were green. The result 
was a plant the .cotyledons or first two leaves*of 
which were yellow. 

This description of the crodb made by Mendel 
may sound unnecessarily explicit. But it is not so. 
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The bald statement that he crossed a' yellow ^ea 
with a green pea leaves one completely in the dark 
as to the true nature of the character deiijt ^th ; 
and even the statement that he crossed* a yellow- 
seeded with a green-seeded pea does not make it 
clear whether yellow-seeded (for instance) is 
meant a pea-plant grown from a yellow seed, or a 
pea-plant which produces yellow seeds. ^What should 
be meant by “a yellow pea” or “a yellow-seeded 
pea ” is a pea-plant grown from a yellow seed, because 
it is the yellow colour of its first two leaves or coty- 
ledons, seen through the enveloping seed-coat, which 
is the character with which we are concerned ; and 
also because, as 'we shall see later on, a plant grown 
from a yellow seed does not necessarily pi^uce 
yellow seeds. ' . • * 

When a tall is crossed with a dwarf pea the result 
cannot be seen until the seed resulting from the 
cross is sown. But the result of crossing a yellow- 
seeded pea (as defined above) with a green-seeded 
pea can be seen directly the pod, which has devdoped 
from ihe flower on which the cross was made, is 
opened. Let me briefly describe hrae how such a cross 
is made. A detailed account is given on pp. J46-162. 
To make a cross between a tall and a dwSiBi, pollen 
is taken from a flower of a tall peji and plaqjpd upon 
the pistil in the flower of a dwari^ or vice versa.' 
We will consider the former case. A label is tied 
round the stalk of the flower of the dwa^ plant 
which has received the pollen from the tall. In due 
course, the petals wither ; and, if all is well, the pod 
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^Y8 from within the withered petals. When the 
pod is dry and ripe, which is not likely to be much 
sarliA’ the beginning of August, it is opened, 
the seeds are taken out, and sown in the following 
spring. AH the seeds will produce tall plants, tallness 
being dominant over dwarfness. The result would 
have been the same if the flower of a tall plant had 
been pollinated with pollen from the flower of a 
dwarf one. The point is that the result of a cross 
made, say, in the summer of 1910 is not seen until 
the tfpnng of 1911 in the cases of tallness and dwarf- 
ness. And the result of a cross between a grey- 
seeded pea (or, more strictly, a ]gea-plant which 
produces grey seed-coats) and a white-seeded pea 
(i.e. ^ pea-plant which produces white seed-coats) 
made in \he summer of 1910 will not be seen till 
the autumn of 1911. 

•But if, in the summer of 1910, pollen is taken 
from the flower of a plant, the first two leaves or 
cotyledons of which were yellow, and placed on the 
pistil of the ^ower of a plant which had green 
cotyledons, the result of the cross is seen whda the 
pod whaclf develops from the latter flower is opened. 
For instead of t!^e pod containing “green seeds” 
(as all the other pods of the plant will, if no other 
crosses have been jnade on the plant), it will contain 
yellojr ones, because the first two leaves of the 
plants of the first*hybrid generation will be yellcfw, 
inasmuch as yellowness in the cotyledons is dominant 
over greenness. That is to say, whilst the result 
of a cross made in the summer of 1910 between a 
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tall and a dwarf will not be seen till the- spring of 
1911, the result of a" cross made on the same day 
between a plant which had yellow cotylejdo^oaud 
one which had green, will be seen in the autumn of 
the same year, namely 1910. 

Before we proceed to describe the reappearance 
of the parental characters in the^ second hybrid 
generation, let us pause to consider the Mendelian 
phenomenon manifested by the colour of the coty- 
ledons, and compare it with the other instances of 
it with which we have dealt up to the present. 

So far as we know, yellowness is a simple dominant 
to greenness, in the case of the cotyledons in Pmm, 
just as tallness is to dwarfness. That is to say, no 
difEerence between the pure yellow and the> hybrid 
yellow has so' far been detected ; but it does not 
seem to me unlikely that a difference between them 
may be revealed by spectral analysis. 

It is curious that yellow is dominant over green 
in the case of the cotyledons, in view of the fact that 
in the case of the pods green is dommant over yeUow, 
according to Mendel’s account. 

. •• • * 

We will now foUow up the resulto of the supposed 
cross that was made in the summer of 1^0. As a 
matter of iact, I did make many spch crosses during 
that summer. 

< In our supposed cross a flower:, of a plant raised 
from a green seed was pollinated in the sununer of 
1910 from a flower '‘of a plant raised from a yellow 
seed : and in the autumn of the same year the result 



INHERITED SEED-GHARACTERS 57 

® * • * 

iv £!9 seen as soon as the pod wMch developed from the 
lower of the former plant was opened. The seeds 
n it^if^ad of being green like those on all the other 
pods on the plant, were yellow ; or, more accurately 
jtated, the cotyledons within the seed-coats in this 
pod were yellow, instead of green as they would be in 
all the other peds. Stated in the most general, but 
also the moat simple and the most correct, terms, the 
result which we have hitherto observed is that when 
a plant whose first two “ leaves ” are yellow is crossed 
with a plant whose first two “leaves” are green 
the result is a plant whose first two “leaves” are 
yellow. Such a “plant” constitute^ the first hybrid 
generation, and though the fact that it bears the 
dommant character can be observed in the year in 
which the cross was made, the “plant” does not, of 
course, become mature until sown in the following 
year, 1911. 

The yellow peas in the pod which developed from 
the fiower on which the cross between the yellow- 
seeded and th^ green-seeded variety had been made, 
would be taken &om the pod in the autumn* of the 
same yeft in which the cross was made (1910), and 
sown in the follc^wing spring. Let us suppose there 
were five seeds in the pod, and that five plants were 
produced from them during the summer of 1911. 

J!hese five plants, growing in 1911, belong, as 
already indicated, to the first hybrid generation 
produced by crossing, in 1910, a yellow-seeded (as 
defined above) with a green-seeded pea ; just as the 
tall plants growing in 1911 belonged to the first 
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hybrid generation produced by crossing, in 19? 0, 
a tall with a dwarf pea. The only difference between 
the two cases is that the character of the first4ii.v^^d 
generation can be seen before the seed to produce 
plants of the first hybrid generation is sown, in the 
case of the colour of the cotyledons; but cannot 
be seen until after the plants of the first hybrid 
generation have grown a few inches, in the case 
of the stature of the plant. 

It will be remembered that the colour of the first 
two “leaves,” or cotyledons, of the plants of the 
f^sl hybrid generation could be seen in the pods of 
one of the parent plants in the same year in which 
the cross was made. Similarly, the colours of the 
cotyledons of the plants of the second hybrid 
generation can be seen in the pods borne ’by the 
plants of the first hybrid generation ; that is to say, 
in the case of the cross made in 1910, in the 
autumn of 1911. 

In Plate I. are shown the results of crossing a 
green-seeded with a yeUow-seeded pea,- as far as the 
second ‘hybrid generation which we are now con- 
sidering. Above, to the left, are seen a group of 
ten peas, the cotyledons in which are green ; on the 
right a group of six peas containing yellow cotyledons. 
The skin of the vividly yellow pe9^ to the top left 
of this group has been removed in order to show 
the Colour of the cotyledons themselves. These two 
groups represent the parents of the cross. The 
group of three yellow peas in the middle, below, 
contain the cotyledons of the first hybrid generation. 
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And in the two pods are seen the cotyledons of the 
second hybrid generation ; the skins of the two peas 
to the extreme left of the upper pod have been removed 
in order to show the yellow and the green of the 
cotyledons of the second hybrid generation in juxta- 
position to one another. In the two pods shown there 
are eleven yellow and four green — as close an 
approzimatipn to a ratio of three yellow to one green 
as can obtain amongst fifteen seeds. 

The colours of “the seeds” borne on a plant 
of the first hybrid generation which has been pro- 
duced by a cross between a yellow-seeded and green- 
seeded pea are simply the colours jof the first two 
“ leaves ” or cotyledons of the plants of the second 
hybrid .generation. 

I hitve endeavoured to illustrate this — and, 
incidentally also, the general fact with which the 
reader is now familiar, that the colours of “the 
seeds ” (whether yellow or green), borne by a plant, 
are the colours of the first two leaves of its chil&en — 
by taking a photograph, reproduced in Fig. 18 , of « 
pod containing the cotyledons of the second hybrid 
generatioB ; then sowing the seeds in a row in the 
order in which they were in the pod, and photo- 
graphing*the seedlings thus raised (Fig. 19 ). This 
illustra^on showi^ 1 think, sufficiently clearly that 
*the characters, yellowness and greenness, of cotyledons 
are characters which appear at a very early stag^ in 
the development of the plant, so early in fact that 
they can be seen in the seed l[if the seed-coat be 
transparent) before they are sown to produce the 



6o BREEDING 

plant. Indeed, not only can the colons of the 
cotyledons be seen before the seed is so\m, it must 
be seen then, or not at all, inasmuch as 'itj^^iot 
be seen for long after the seed has begun to germinate, 
because as the growing plant absorbs the food* 
material in the cotyledons, their colour fades. But 
it could still be clearly seen in the seedlings represented 
in Fig. 19. 

Stated in general terms, therefore, the second 
hybrid generation consists of three plants with yellow 
cotyledons, and one witii green, in every four. In 
practice this result is seen in the existence of yellow 
and green peas in the ratio of three to one in the 
pods of a plant of the first hybrid generation. In our 
imaginary cross made in the summer of 19,10 the 
numbers of th^ yellow and green seeds could be 
counted in the autumn of 1911. These seeds would 
be sown in the spring of 1912. It would be found 
that the green seeds produced plants on which all 
the see'ds were green ; that one of every three yellow 
seeds would produce a plant on which the seeds were all 
yellow,* and that the remaining two yellows would 
produce plants which would bear yellow and, green 
seeds in the ratio of about three to one. Stated in 
more general terms, this means that of every four 
plants (on the average) of the secoi^d hybrid genera- 
tion: one (recessive) plant with green first two 
“ leaves ” gives rise solely to planip like itself when 
it is allowed to self-fertilise ; two (hybrid) plants 
with yellow first two' leaves will produce plants with 
yellow, and plants with green first two leaves, in the 






Fig. 19. THE SEVEN SEEDLINGS RAISED FROM THE SEVEN SEEDS SHOWN IN THE 

• POD IN FIG. 18 
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ratio of to one ; and one^ (dominant) plant with 
yellow first two leaves will give rise solely to plants 
lik^ ilj^el^ The mode of inheritance of the colour 
(whetW yellow or green) of the first two “ leaves,” 
or cotyledons, of the plants is therefore pmcisely 
analogous to that of the stature (whether tall or 
dwarf) of the plant. And if the reader wishes to see 
the inheritance of the colour of the cotyledons set 
forth in diagrammatic form, all that is necessary 
is to substitute yellow for tall and green for dwarf 
in the frontispiece. 

But in order that the way in which this result 
appears on the plants themselves .may be under- 
stoodj I give, on the next page, an actual instance 
of the*total numbers of yellow and green “seeds” 
constituling the second hybrid generation ; and also 
of the total numbers of yellow and green “ seeds ” 
constituting the third hybrid generation. 

The crosses were made by me in 1905^; the 
second hybrid generation (which I give here) 
was recorded in the autumn of 1906 ; aitd 
the third hybrid generation was recorded 'in the 
aiftunln 'of 1907. By “plant number” is simply 
meant the numl^r by which a particular plant was 
mmed in the records of my experiments. In^the 
/^t column to the left of the Table are given the 
nuQiber of yellow and green seeds constituting the 
second hybrid generation. It will be seen that e^ery 
one of.the twenty-six plants bears both yellow and 
green seeds; in other words, every plant, of the 
first hybrid generation, produces, after self-fertilisa- 
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ion, a fainfly consisting in every case of plants with 
jrcllow, and^lants with green first two leaves. 

\o return to common parlance. Either five or 
rix of the J^ellow seeds constituting the second hybrid 
generation -wer" sown, and the colours of the seeds 
(containing the third hybrid generation) borne on 
the plants raisec^ are given on the same line in the 
Table, to the right of the record of the seeds of the 
second hybrid generation. Thus, five of the yellow 
seeds borne on plant No. 1 were sown and gave rise 
to five plants numbered 1 * 1 , 1 * 2 , 1 * 3 , 1*4 and 1 * 5 , 
all of which happened to produce both yellow and 
green seeds. In other words, all of the yellow-seed 
leaved plantlets contained within tKe seeds sown, 
were hybrids. But of the five yellow seeds of 
Plant No .«2 that were sown, two — namely, those which 
produced plants numbered 2*1 and 2*3 contained 
pu^e dominant plantlets because the plants raised 
from them produced only yellow seeds. The import- 
ant point to notice is that every grown plant ol the 
first hybrid generation produces both yellow and. 
green seeds conlaining the second hybrid generation 
in embryo# (see the‘ first column i^^ the Table) ; i.e. 
segregation or reappearance of the parental charac- 
teristics occurs in every family in the second hybrid 
^^eration. On the other hand, some of the gro\?n 
plants of the second hybrid generation — ^namely, the 
hybrfd ones — ^prod^jee both yellow and green seeds 
^containing the third hybrid generation in embryo), 
jwhilst otters, the pure dominaiuts, produce yellow 
[seeds only. 
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If the green seeds containing the cotyledons 
the second hybrid generation had been sown th 
would produce greens only; but as I idid notate 
the true breeding of these so-called “ extracted 
greens in this particular experiment, the fact th 
they breed true is not illustrated in the Table ( 

p. 62. g 

Fig. 20 shows the distribution o^f yellow ai 
green seeds borne by Plant No. 12, which w 
selected at random. Yellow seeds are indicab 
by • and green ones by o. It will be seen th 
no order can be detected in the distribution of t! 
seeds of the two colours. 

This diagram brings home to one’s mind the fa 
that the colours of the seeds of a plant, .when \ 
mean the colours of the contained cotylodohs, a 
the colours of the ofEspring (or, rather, of the fir 
two leaves of the ofEspring) of that plant; w^tiil 
the colour of the seed-coats of the seeds borne by 
plant is the colour of a part of the plant itself, ju 
as the colour of the pods is, or the colour of b 
stenl. That is why the colours of the seed-coa 
(whether grey or white) of the’ seeds borne by 
plant are always the same {see Fig. 11 or 12), and wl 
the colours of the cotyledons of the seeds' borne I 
a plant need not be always the same {see^ Plate' v 
facing p. 68). And the apparent paradox that “ t' 
seed ” presents a pair of characters (grey and whit 
which are the latest to appear in the life history 
the plant, and andther pair (yellow and green), whi( 
are the earliest to appear, is explained by the fact th 




Fig 20.— diagram to illustrate the distribution 

OF YELLOW AND GREEN SEEDS IN PLANT NO 12 IN 
• • TABLE ON PA(;E 62 

(Yellow Peat are indieated by full black; green onei by ouinnei.) 
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/ the seted-coats (which may be grey or white) are not 
bdeveloped till the plant is mature, whilst the cotyle* 

. d^s (which may be yellow or green) are among the 
’ first parts of the plant to be developed. 

I have been at pains to make this point clear, 
’•partly because I am concerned to bring the actual 
facts discovered by Mendel home to the reader, and 
5! partly becaTjse'the cotyledon characters of Pisum are 
(the most valuable that 1 know for illustrating the 
; Mcndelian phenomenon and for testing the truth of 
general statements made with regard to it. For it 
must be plain already that one of the features by 
(which the Mendelian phenomenon may be recognised, 

; when it occurs in a breeding experiment, is the definite- 
ness iff. the ratios in which the parental characters 
reappear or segregate in the second hybrid generation. 
It is therefore desirable, in critical experiments of 
tlys kind, to use material which will furnish the 
maximum number of individuals at a minimum 
expense, and in a minimum space. That end is 
attained by selecting characters, to experiment witb^ 
which appear as early as possible in the life history 
;of the.antmaL,or plant which bears them, and this 
condition is better fulfilled by the characters of 
the ootyledons oi Pisum than by any other that I 
know. plot (jt land fifteen yards square will 
•bear 100,000 seeds. 

The actual nunjbers which Mendel himself obtained 
in his experiments with the colour of the cotyledons 
are as follows: He made fifty-hight crosses on ten 
plants ; and found the yellow colour of the cotyledon 
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to be dominant over the green in every case. The 
second hybrid generation was distributed over 2<5& 
plants, and consisted of 6,022 yellows and 2,<)01 
greens ; a very close approximation to the three-to- 
one ratio. Mendel gives the distribution of yellow 
and green seeds on ten plants in his paper ; it was 
as follows ; — , 



Y. 

6. 


Y. 

G. 

1. 

26 

11 

6. 

20 

6 

2. 

32 

7 

7. 

32 

13 

3. 

14 

6 

8. 

44 

9 

4. 

70 

27 

9. 

60 

14 

6. 

24 ' 

13 

10. 

44 

18 


Of the total number of individuals (i.e. seeds) whicl 
composed the second hybrid generation (namely 
6022 + 2001 = 8023) only 619 yellow-cotyledopec 
ones were tested: 166 produced yellows only, i.e 
were pure dominant yellows; 363 produced yellows 
and greens in the ratio of three to one, i.e. wen 
hybrid yellows. In other words, 619 of 8023 seed: 
(which contained the second hybrid gererttiou) wen 
sown, 166 gave rise to plants which produced yello\ 
seeds only, 363 gave rise to plants which produce! 
yellow seeds and green seeds in the ratio of three to one 

■ We will now proceed to a consideration oi th 
mode of inheritance of the shape of the cotyledon 
in Pisum. The pair of characters in this case i 
round (which is dominant) and wrinkled (which 
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Iscessive). Ithe inheritance of, these characters is 
■ledsely analogous to that of the colour of the 
Hot^dons^ and a diagrammatic representation of it 
'^y be^ade by substituting round for tall and 
"arinkled for dwarf in the Frontispiece. 

^ The shape of the seed (whether round or wrinkled) 
« determined by^ the cotyledons, and not by the 
wed-coats; may therefore say that the pair 
M characters is roundness of the fimt two leaves of 
?^e plants and wrinkledness of these structures, 
tihe shape of the cotyledons, therefore, is just as 
^wluable a character, for the reasons stated above, 
^ their colour, to experiment with for the purpose of 
luting general statements with regard to the Mcn- 
wlian phenomenon. But over and above this it 
wssesses ah interest which the colour of t£e cotyledons 
r wes not. In the first place, the distinction between 
wund and wrinkled peas is one of great economic 
mportance, the nature of which will be fully discugsed 
>]|kter ; and in the second place, it is possible in the 
^j^se of this cha^cter to see below the surface, as it 
^ere, of the Mendelian phenomenon, and thus to 
'^taia a«trfier*-^ew of the essential nature of this 
ijjpocess. But at present we are concerned with the 
wenoiaena as they present themselves to the senseg 
'maided the microscope and the scales. Fig. 21 
^presents the result of crossing of round-seeded with 
Srinkfed-seeded pea« The round cotyledons of the* 
H^t hybrid generation do not differ, so far as the 
abided eye can see, from those of the round 
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Mendel himself made sixty crosses between rour 
seeded and wrinkled-seeded varieties on fifteen plap 
The second hybrid generation consisted of 
seeds, of which 6,474 were “ round or' foundisl 
and 1,850 were wrinkled; 665 of the rounds W( 
tested; 193 gave rounds only, 372 rounds a 
wrinkled in the ratio of three to qne. 

The seven pairs of characters of the culinary { 
experimented with by Mendel have now been de 
with. In all of them the mode of inheritance 
essentially the same. Two organisms differing 
respect of a single pair of characters produ 
when mated, a hybrid, which manifests the 
called “dominant” member of that pair to 
more or less complete exclusion of the receive o 
Dominance, ' however, is an unessential feature 
Mendelian inheritance. Mendel himself stated t' 
one member of each of his seven pairs was comply! 
do minan t over the other of that pair. But it is i 
known that, in the case of the texture of the pod, 
hybrid between the hard and the soft bears podt 
intermediate texture. And we shall see later tl 
in the case of the very first pair pjf oha^actere 
Mendel’s list, the round cotyledons of the hy^ 
produced by crossing a round with a wrinkled-see 
pea are only superficially indistinguishable £ 
those of the pure round; and that a fimdame 
• difference between them can^ easily be den 
strated. 

The essential feature of the Mendelian phenome 
is that which the mode of inheritance of the seven i 



FIO. 21.* MRNDEIJANJNHERITANCR OE THE SHAPE OF THE 
SEED IN THE CULINARY PEA 

(Top left) Wrinkled Parent. (Top riitht) Round Parent. 

(Four Peas in middle line) Finit Hybrid Generation. 
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If characters dealt with by Mendel, and that of the 
lolbur of ^the Andalusian fowl and the human eye, 
sssessMiMKtmmon, i.e. that in which the genealogical 
stble of the tall and dwarf pe<as and that of the 
idalusian fowl agree, namely the orderly reappear- 
ice of the characters of the parents of the 
iybrid, and of *the hybrid itself, in the second 
lybrid geneiPation in definite numerical propor- 
|ons. 

There is another characteristic of the Mendolian 
phenomenon which can only be said to be an essential 
pne in the sense that it follows from Mendel’s theory* 
account for the composition of the second hybrid- 
eneratjon. This characteristic is the repetition, 
each Successive hybrid generation, pf the ratios 
Obtaining in the second. The second, and all 
ibsequent hybrid generations, should all have 
cabtly the same composition as one another, if 
iis characteristic is foimd to be an invariable feature 
|{ Mendelian crosses. Let it be clearly understood 
^hat this mean?. It means that, for however many 
generations hybrid yellow peas are bred from, they 
^11 produce pii!» yellows and hybrid yellows and 
ire greens in the retio of 25 : 60 : 26 per cent. What 
most remarkable in this generalisation, because 
post at Variance ^ith current notions of heredity, 

I th^idea that although the parent of each successive^ 
P'brid generation it as yellow as a yellow of a pure 
rain, there will be produced an average number 
green, namely, 26 per cent., which will not 

8u Chapter XL 
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diminish as the generation in question becomes moi 
remote from the green parent of the crow. In otixe 
words, it is a remarkable thing that a yeljow of th 
tenth hybrid generation, with nine generations consist 
ing solely of yellows behind it, should contain a 
many greens as the second hybrid generation, whic 
has only one such generation behind it. There is n 
possibility, here, of eradicating the green by breedin 
only from the yellow ; unless pure yellows are bre 
from. The evidence, as yet available, as to the ratk 
of recessives, in the case both of cotyledon color 
and shape, has been collected by Mr. Lock in h 
useful paper, “ The Present State of Knowledge < 
Heredity in Pimm"* and is as follows. The nan 
of the investigator is given in the case of each sepa 
ate result : — 


Cotyledon Shape 


Hybrid 

Oencration 

Observer 

Bound 

WrxnJded 

Peroentai 

of 

WrinHe 

Second . 

Mendel 

8,474 

1,850 

25-2 


Tscliermak 

884 

- 288 

24-6 


Bateson 

10,793 

1 3,542 

24-8 


Hurst 

l,33f> 

420 

23-9 


Lock 

620 

197 

241 

Third . 

Tschermak 

2,087 

661 

240 


Lock 

769 

259 

• 25-2 

Fourth . 

Lock 

2,328 

812 

1 25-8 


* Annals of the Royal Botanio Gardens, Feradeniya, Vol. IV., Ft. ii 
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CUykdon Cc^w 






1 


Observer 

Yfllm 

Orccii 

Pmeningc 

ojOrern 

[ Second . 

1 

Moiidcl 

(;,(W2 

m 

24-9 

Correns 

1,394 

453 

24-5 





24>9 


Bateson 

■IIHlllW 


24-7 


Hurst 

1,310 

445 

25-4 

• 

i 

Lock 

1,43« 

514 

26-2 

' Thiid . 

Correns 


344 

25-D 


Tschermak 

3,000 

959 

24*2 


Lock 



24-6 

Fourth . 

Correns 

225 


23-7 


Look 


■ 

26-1 


These figures show how closely the ratios of 
recessives observed by different investigators 
approximate to 26 per cent. ; but they also show 
that beyond the fourth hybrid generation w% have 
no evidence for saying that this ratio is repeated 
in the case of 4;hese two characters of the cotyledonh 
in Pimm. 








CHAPTER VI 

THROWING BACK, OR REVERSION 

N the crosses which have hitherto been> dealt with, 
he result of mating two individuals which differed 
n respect of a particular characteristic has been a 
lybrid which has resembled one of the parents so 
ilosely as to be indistinguishable from it ; or it has 
)een intermediate between them, as in the texture of 
;he pod in peas, and the colour of the feathers in the 
'owl. We shall now proceed to cases in which the 
lybrid differs from either parent, but is not inter- 
mediate between them. Into this class fall those 
sases in which the result of mating two varieties is 
bhe production of the features of the wild ancestral 
form from which the two varieties are supposed to 
have descended. A very characteristic instance of 
such a result is afforded by the result of crossing 
the ordinary albino mouse with the so-called Japanese 
waltzing mouse. These two varirAes differ from 
on^ another in respect of their colour, and in respect 
of their customary movemmits; the one walking and 
running normally, the other exhibiting the so-ca]}ed 
waltzing movements which are ^mdicated by its 
name. We are concerned at present solely with the 
colour of the two forms ; the question of the mode 
of progression must be banished from the reader’s 
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mind until it comes to be considered separately. 
|Fil^ colour of the two varieties crossed will be first 
briefly jjonSidered. 

[ The common albino mouse (Plate II., No. 1) has 
I pure white coat ; there is no pigment in it at all. 
ffhe tail, hands, feet and ears are very pale pink, 
md the eyes are* a deep pink, the colour of these 
irgans being due to the blood in them. 

The Japanese waltzing mouse, with which I have 
(xperimented, is coloured exactly like the albino 
)xcept that it possesses patches of fawn-yellow fur 
>n its shoulders and haunches. That is to say, it is 
i fawn-and-white piebald with pink eyes (Plate II., 
!7o. 2). The extent of these patches of fawn-yellow 
iir var^B very little from individual to individual 
n this variety. * 

A hybrid produced by mating these two varieties 
B shown at No. 3. The coat is a dark grizzly grey, 
lardly distinguishable from that of the house mouse ; 
md the eyes are jet black. The tail may be either 
eeply pigmented over its whole extent or, as in the • 
pecimen shown, the dark pigment may not extend 
iver the* whole of it. The hybrid^shown at No. 3 
s the usual resul^f mating mice Nos. 1 and 2. I 
►ave, However, observed rare exceptions to it, but 
hese are dually aUributable to the impurity of the 
llbino stock used, and need not detain us now. It 
lakes no difierenc^to the result whether the albinor 
I the male and the fawn-and-white mouse the female 
arent, or the albino is the female smd the fawn-and- 
'hite the male. 
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The result, then,^of crossing a pure albino mouse . 
with a fawn-and-white, pink-eyed (waltzing) mous<; is a 
mouse which differs very little from the cdmlnoQ house- 
mouse. As a matter of fact, it is usually paler beneath 
than the house mouse is ; and the wild race which 
it most resembles exists in St. Hilda, an island far 
out in the Atlantic, to the ^est> of Scotland. Be 
this as it may, the result is a typical instance of 
reversion on crossing. These reversionary mice con- 
stitute the first hybrid generation. 

When these hybrids are mated together they 
produce a generation (the second hybrid generation) 
which consist^ of a variety of forms which can be 
classified in three groups (A, B, and C), which corre- 
spond roughly to the albino, the fawn-and-whfte, pink- 
eyed (waiting) mouse, and the hybrid! Let us 
examine them more closely in conjunction with the 
figures of them on Plate II. For the present, mice 
Nos. 4, 6 and 10 will be left out of account, and 
attention will only be paid to those individuals in • 
• each group which are below the lal]el indicating the 
group. 

Mice included in Group A correspond exactly to 
one of the parental forms, namely the albino ; there 
u, therefore, only one mouse (below the l%bel) in 
Group A. These mice are indistjinguishabl; from the 
pure albmo mouse. 

* Mice included in Group B^ correspond to the 
reversionary forms which constitute the ^t hybrid 
generation ; but Ihe correspondence between analo- 
gous types in the two generations is much less 
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exact than in the case of the ^albinos. In the first 
place the cobnr may be grey or black ; in the second 
place ^hefe may be patches, of greater or less extent, 
of white fur, as well as the grey or black in the coat; 
various degrees of piebaldness being thus produced. 
There may therefore be, roughly, four kinds of mice 
in Group B : mice which have a completely grey coat ; 
(No. 7) — self>coloured greys as they are caUed ; self- 
coloured blacks (No. 8) ; piebald greys (No. 9) ; and 
piebald blacks which are not figured. Amongst the 
piebalds there may be every gradation between a 
mouse which, but for the possession of a few white 
hairs (on the forehead usually), wquld be a self- 
coloured mouse, to one which has no more than 
a smaH^ patch of grey or black, which is usually 
near the ears. The extreme form of piebald in 
this direction is a white mouse with black eyes ; but 
this type has never occurred in my experiments. 
There are also differences in the intensities of the 
grey and blacl^ so that the number of possible 
different types, of coloration in the second hybrid 
generation is very great indeed. All the members of 
Grohp B, ^however, possess the following characters 
in common : (a) black eyes ; and (6) a greater or 
less afiiount of a dark colour, either black or grey, 
in the C 9 at. • 

Slice included in Group C correspond to the 
fawn-and- white (waltzing) pink-eyed mice. But here, 
again, the correspondence is not exact. For just as 
in Group B, which corresponds roughly to the first 
hybrid generation, there were blacks as well as greys. 
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so in Group C, wliicli corresponds 
and- white mice (No. 2), there ar 
fawns. The parallel, indeed, bet 
is very close, for the fawn colour 
a dilute grey ; and the lilacs 
liilac ” was the name I first . 
and I have adhered to it, but ** j 
accurately conveys the exact cc 
as in Group B, there may be 
piebalds. But whilst in Group B 
new appearance, in Group C t. 
other words, in the case of the dai 
black) the “ self ” appears first 
generation, and the piebald does 
second ; but in the case of the ; 
and lilac) the* fawn exists first in 
one of the parents of the cross, ai 
as a “ self ** until the second hybr 
There may, therefore, be — as 
kiTida of mice in Group C : self-coloi 
■self-coloured lilacs (not figured), piel 
and piebald lilacs (No. 13, which h 
The second hybrid generation : 
representatives of the three Group 
thp ratio of about 25 per cent. A 
and 26 per cent. C, or, roughly, oc 
and one of C in every fomr, on th( 
ratios obviously do not obtain in* 
if only because the^ number of yo' 
not necessarily a midtiple of four ; 
of the twenty litters, selected at ra 
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on the following page, did the exact ratio occur. 
The total numbers obtained in*m 7 experiment were : 
Groi^ ^ 137 ; Group B, 287 ; Group C, 134. 

** Now let us consider the breeding properties of 
the mice representative of the three groups, A, B, and 
C. The albinos (Group A) breed true without excep- 
tion. With rar^ exceptions, the mice in Group B 
again produce representatives of Groups A (No. 15), 
B (Nos. 16 *and 17), and C (Nos. 18 and 19), when 
they are mated together ; the exceptions referred to 
do not produce albinos or fawns, but only mice with 
black eyes and dark coats— that is to say, they breed 
true to the characters of Group B. The mice in 
Group C, with very rare exceptions indeed, breed 
true to the characters of their group. 

The* breeding properties of the various colour 
types within the three Groups, A, B, C, are as follows, 
so far as my published records permit me to judge : 
Black by black do not give grey ; but grey by grey 
may give black, as also may grey by black. *Lilac 
by lilac do not give fawn ; but fawn by fawn havu 
not yet given 'lilac, nor have lilac by fawn.* Self- 
colour l>y*sejf -colour occasionally give piebalds, but 
piebald by piebald do not give “ seifs,” and piebald 
by “selfa” give both piebalds and “seifs.” It is 
desirable now to pause and to consider the pheno- 
menon ropresented on Plate II. as a whole. 

IThe parallel between this phenomenon and that 
exhibited by, for instance, tallness and dwarfness 
in the p^ or by the colour of tihe Andalusian fowl, 
is at once obvious. Albinism may be called the 
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Tablb showing thb Coloub- 
Mioe in Twenty Littei 
Hybbid Genebation 


lAU/er Qrowp A 

No, {aSbinos) 


Group B 

{I)arh-e6UyaTtd mice 
wUh black eyes) 


1 


none. 


grey. grey. grey, blaok. 


2 

3 

4 

5 
0 

7 

8 
9 

10 

11 

12 

13 

44 

16 

16 


17 

18 

19 

20 


«• 


albino, albino. 


piebald grey, piebald 


albino, albino, 
albino. 


none. 

none. 


albino, albino, 
albino, idbino. 
albino, albino, 
albino. 


none. 

none. 

c 

albino, albino 

fldbino. 

albino. 

albino. 

albino. 


none. 

albino, albino. 


pi^i^d grey, piebald 
grey. grey, black, 
grey. grey. grey, pie- 
bald grey, 
grey. grey, blaok. 

grey, piebald grey. 


grey. grey. , 
grey. grey, piebald 
grey, blaok. 


grey, grey 

grey, piebald grey. 

piebald grey, 
grey, piebald grey, 
grey. grey. my. ^y. 
grey, piebald giey. 
grey, grey, grey, grey, 
grey, grey, grey, pie- 
bald grey, piebald 
grey, piebald blaok. 
grey, my. piebald my. 
jnebala grey, piebald 


c 


albino. 

albino. 


albino. 


grey. 

grey. grey, 
grey, blaok. 


The mode of progreaaion of the mioe^ whether t 
of account in this Tablob <> 
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recessive c&aiactei, the “ fa\m-and- white ” type of 
coloration may be called the dominant; although 
it may be aigded that, in a sense, it is just as recessive 
as albinism inasmuch as it disappears from the first 
hybrid generation as much as albinism does ; but it 
is convenient to speak of it as the dominant character, 
and it is justifiably if we state the case by saying 
that in the cr^ss shown on Plate II. “ some colour ” 
is dominant over “ no colour ” ; further, if the white 
Andalusian is regarded as the recessive it is legitimate 
to regard the white mouse as recessive, and, if this 
is done, the fawn-and-white falls into its place as 
the dominant. 

In all three cases — ^the pea, the fowl, and the 
mouse — ^M^e two characters (of the two parents 
respecti^^) reappear in the second hybrid generation 
of which they each make up 26 per cent. ; the remain- 
ing 60 per cent, being composed of individuals 
resembling the hybrids of the first hybrid generation 
•in all three oases. The parental characters, when tfiey 
have reappeared in the second hybrid generation, 
breed true without exception iu the case of ‘the 
so-called •“extracted” recessive; and, with the 
extremdy rare exceptions afforded by the mice in 
Group 0 , they also breed true in the case of the 
“extracted” domin^t. And in all three cases the* 
hybrids of the second hybrid generation again produce 
the ffominants, hybrids and recessives with the i 
exceptions ^afforded by the true-breeding mice in 
Group B. * 

We are thus againhrought round to the conclusion 
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tliat the character home by the hybrid is not essential ^ 
to the Mendelian phenomenon ; in the three cases 
which we are considering the hybrid has been 
either (a) indistinguishable from one parent, or (b) 
intermediate between the two, or (c) it has borne 
the character of the remote ancestral form of both. 
What is common to all three cases is the reappearance 
in the second hybrid generation of the “ dominant ” 
parental character, the hybrid character (when 
different from this) and the “recessive” parental 
character in the ratios of 25 per cent., 60 per cent, 
and 26 per cent, respectively— a phenomenon to 
which the term segregation has been applied. 

The fact that the hybrid frequently bears 
characters which are peculiar to itself.' and the 
occurrence* of segregation, are the two ‘features of 
the results of crossing which lead to the production of 
novelties ; and they correspond, in the main, to two 
distinct practical methods. In the first of these 
methods the novelty is obtained in the first hybrid 
. generation by virtue of the &ct that the hybrid bears 
characters peculiar to itself. The hybrid in these cases 
is usually not reversionary, but intermediate between 
the two parents, as in the case of the indalusian 
fowl, and that of the roan colour in cattle, which is 
"produced by crossing red with wMte, and which, when 
mated with roan, gives 26 per cent, red, 60 per cent.' 
r roan, and 26 per cent, white.. The novelty* which 
arises in this way is unstable. 

In the secohd of these practical methods the 
novelty is not obtained till the second hybrid genera- 
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tion, the first hybrid generatipn consisting nsnally 
of reversionary forms. In this class of cross nothing 
jyjjsl^be Expected from the immediate result of the 
cross. Nothing, for instance, could be more dis- 
appointing to the mouse fancier than the result of 
crossing the albino with the Japanese waltzing mouse 
—namely, an animal scarcely distinguishable from one 
that could b« caught in a trap, any day, in the pantry. 
Yet I know no more beautiful colour in an ftnimfl.! 
than that of the “lilacs” which are produced in 
small numbers by mating these hybrids of the first 
generation together. 1 am given to understand that 
this colour is new to the “fancy,”, but I do not 
know if there is a class for it at the shows. 

It very important to keep these two ways in 
^cf^velties are obtained by crossing, distinct in 
the mind. In the “ first generation method,” as it 
may be called, an unstable new form is the immediate 
result of the cross ; and to obtain it again it is better 
* to repeat the cross than to breed these hybrids 
togetW, partly .because by this means 100 per-cent. ‘ 
of the offspring are of the desired kind (as opposed 
to the 50*per cent, produced by mating the first 
crosses together) ; and partly because of the greater 
vigour *of first crosses. In the “ second generation 
method, • as it maf be called, a stable new form is 
obtained in the second hybrid generation ; the hybrid, 
whi^ is usually reversionary, is useless in itseU, and 
merely swes as a sort of mill which will turn out 
any desired quantity of the new forms. 

The two method are like the two chief methods 
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of photography— thc^ method of Daguerre and the 
method of Fox-Talbot, who invented the negative. 
By Daguerre’s method a positive inu^e was pr^duff 
on a silvered surface, and the picture could not be 
copied except by an elaborate process of electrotypy. 
A new daguerreot3rpe could only be reproduced by 
ei^osing a fresh plate. The negative, like the 
reversionary hybrid, is useless in itself; but it revolu- 
tionised photography. Daguerre’s might be called 
the one-generation method, and Fox-Talbot’s the 
two-generation method of photography. A breeder 
who threw away his first crosses because they did 
not possess tlu) character he was working for, would 
be as foolish as a photographer who threw away 
his negatives because the light parts in thc'.objects 
appeared dark:, and the dark light, in themt 

First crosses are, however, not always bred because 
they possess new characteristics, but because they 
very, often possess greater vigour than either of the 
parents crossed. This is another reason why it 
' is better to raise those hybrids, which possess 
characteristics peculiar to themselves, such as roan 
cattle, by repeating the cross than by bri^eding’roan 
cattle inter te. I do not know, and it does not much 
natter, whether the excessive vigour of the first cross 
is to be considered as a phenomenon of aversion, 
but it is a fact that, in the case of my mice, rev^on 
to the ancestral condition in regard to disposition 
is just as invariable a result of the cross as.the rever- 
sion in regard to colour. The difference between 
the disposition of the hybrid and that of the 
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albino is as great as that between the colour of 
the two. 

MjTkoug'h 1 did not make pets of my albinos, they 
were perfectly tame, and would very seldom attempt 
to escape from the cage when it was opened. But 
the greatest caution had to be exercised when a 
cage containing dint crosses was opened, for if care is 
not taken the mouse will spring from the nest directly 
the lid is lifted, and be lost. 1 lost one or two mice 
in this way before I learnt this characteristic of the 
first crosses. But even if the mouse does not escape, 
the wildness of its disposition is manifested in the 
frenzied way in which it darts about the cage when 
it is subjected to treatment (such as mating up, or 
the separ ation of the males from the females in a 
mmily when they become adult) under which the 
albino behaves with perfect tameness. The excessive 
vigour of the first cross is manifested also in the 
glossy condition of its coat, which I have always 
poticed to be much sleeker than that of any of the 
other mice— its* parents or its offspring— in, my * 
experiments. 

The phenomenon of the inheritance of colour in 
throe mice has now been described ; and the appli* 

. cation o&the knowledge of this and the other results 
whi{;)i we have discussed, has been briefly referred 
to. The luxuriant* “ condition ” of the hybrid has* 
been illustrated, and this reference to a physiological 
character leads naturally on to the consideration of 
ATinfliar nliaMutfAr in mnnAnf. of which the tWO Uarent 
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forms differ— namelyt the nature of their customary 
movements. 

It is not necessary, I think, to dei^rihe.J^o 
walking and running movements of the common 
white mouse. Moreover, it would be difficult to give 
a description of its demeanour which would be gener- 
ally true, because the habits of theo individual mouse 
is determined to a very great extent by the treat- 
ment to which it has been subjected. For instance, 
the habits of one of my mice, more than a thousand 
of which were kept in a room whilst the breeding 
experiment was in progress, would be very different 
from that of ;the ewe lamb of the schoolboy. The 
char^pters which “tame” mice possess in common 
are sufficiently familiar to the reader. T^ey can 
run straight away if free to do so. But the so-c^ed 
waltzing mouse cannot. 

The actual waltzing itself, which gives the breed 
its Qame, does not, of course, resemble waltzing, and 
is not executed on the hind legs only. A better 
' name, which is sometimes given it, is “ spinning.” The 
animal runs round and round in a small drde, the 
diameter of which is about half the iehgtii of the 
animal’s body excluding the tail, at so great a pace 
iMt the mouse becomes a blur. No. 2 on Plate II. 
represents a waltzing mouse in the act of^waltzing, 
with great faithfulness. This excellent representotion 
‘of the waltzing habit is due to theeskill of Mr. Gerrard, 
of Camden Town^ who kept some of thn waltzing 
mice under observation for a considerable time before 
stuffing them. An individual mouse does not 
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always spin in the same dixeetion, but sometimes 
Trith the hands of the clock, and at other times in 
^Ihj^jifintidry direction. A “ waltzing ” mouse is not, 
however, dways spinning. It spins at night, as a 
rale, and sleeps during the day when it is not 
being fed. But it can always be recognised as a 
waltzer,” even «f it is not spinning, so long as it 
is awake, by» the following characteristics : first, an 
apparently complete lack of control over the move- 
ments of its head, which is thrust up and down and 
moved rapidly from nde to side in a peculiar manner 
which cannot be forgotten, but is not easily described ; 
secondly, by a curious habit which, it has, when 
placed in a large open space, such as the flo$^, of 
ba ckin|^ »very vigorously as if it were on a slow- 
m^ng avalanche, and moving its he*ad, which is 
kept near the floor, rapidly from 'side to side. Not 
only can the adult “ waltzer ” be recognised as such 
when it is not waltzing, but the young can alsp be 
recognised before they can waltz, because they can 
hardly keep on their four legs. The waltzpr is ‘ 
characterised by great delicacy and stupidity. The 
death-rate V higher amongst them than amongst 
ordinary tame mice ; they often fall out of the cage 
when tfie door is opened, and are greatly inferior 
. to the a]J;>ino, for instance, in the care of the brood. 
The^ seem to be deafer than ordinary mice ; at any 
rate, they take fright much less readily at a small* 
noise than an ordinary mouse does. For instance, 
if a noise is made with the tongue and teeth whilst 
a waltzer is at food, he will not, as the albino probably. 
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and the hybrid certainly, will, scuttle back into the 
hind part of the cage, if this is divided ofE by a parti- 
' tion. The waltzer differs from the ordihary^jliUSa 
mouse in the matter of disposition as much in one 
direction as the wild mouse or the hybrid does in the 
other. An albino, if set free, can run away, but does 
not ; a hybrid or wild mouse, if set free, can run away 
and does ; but a “ waltzer ” cannot escape ; it cannot 
keep up a run in direct line for long, and soon lapses 
into spinning. 

The cause of the spinning is supposed to be an 
abnormality in certain organs in close connection 
with the inteQial part of the ear. There are three 
of these semicircular canals, as they are called, in 
connection with each ear in the normal vertebrate 
animal, one horizontal and two vertical for each'bu, 
and they are said to be concerned in the normal 
animal in maintaining the balance of the body. It 
was^formerly stated that the waltzing mouse lacked 
the horizontal canal in connection with each ear; 
but this statement has been proved to be incorrect 
by the application of a new method of preparing the 
semicircular canals and of preserving tbem> in‘ their 
natural state. All six canals are present. But a 
deficiency in the nerve supply of the senliciroulat 
canals is said to have been discovered;, and the , 
waltzing habit may be due to this. At any rate, it 
'seems to be generally agreed that this phenomenon 
of waltzing is determined by some abnormality in 
the organs which are responsible for preserving the 
balance of the animal. A physiologist once e^qiressed 
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to me his conoeptioh of the cai^tioii of the waltzing 
habit in the statement that it is dne to the absence 
,of J^e power of becoming giddy. The unpleasant 
sensations which would soon stop a normal mouse 
from spinning round are not felt by the waltzing 
mouse, and what ultimately brings the bout of 
spinning to an ead is not nausea, but exhaustion. 

Let us, naw, turn to the inheritance of the waltzing 
character. .When two waltzing mice are mated 
together the ofbpring produced are all waltzers. 
The character breeds true. 

When a waltzing mouse is mated with a mouse 
with normal movement, as in my oTim cross repre* 
sented on Plate 11., the hybrid produced never 
exhibits, the waltzing movements. This, at any 
lacunas invariably been the case in the hundreds 
of hybrids raised by Dr. von Guaita and by myself. 
The waltzing character is, therefore, recessive and 
normality of progression is dominant. Being a reces- 
* sive character, waltzing should reappear in the 
second hybrid generation in one individual in every 
four. It does reappear in the second hybrid genera- 
tion,* but iA)t>in a quarter of the individuals ; there 
were 97 out of 665, which is less than a fifth. 
But I do not tbinlf that this proportion should 
, lead us ^to the conclusion that waltzing does not 
behave as a MendeUan character in inheritance, 
because I believe tl^t the reason that the number o& 
waltzers ^dls short of the expected ratio is simply 
that waltzers are more delicate cohstitutionally than 
normal mice; and that relatively more waltzers 
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die before the age a); which the characters of the 
litters are noted, than normal ones do. But to 
return to the actual reappearance of the^wa^tigiBg;,. 
character in the second hybrid generation. The 
waltzing of the “ extracted ” waltzers, as the 
individuals of this generation which manifest this 
character are called, does not differ from that of 
individuals of the pure race, except that in occasional 
individuals it seems to be accentuated. 

The waltzing character, when it reappears in the 
second hybrid generation, is not confined to mice 
coloured like the pure waltzer, No. 2; that is to 
say, it does n^ot only occur amongst the mice of 
Group C, but amongst those of Group A and B 
also. Waltzing representatives of each of th6 three 
groups are shbwn at No. 4, No. 6 and No. 
are now in view of a new and very important 
subject. Hitherto we have been considering the 
relation to one another of two characters which 
stand to one another in the relation of dominant 
and recessive — ^i.e. characters whic]^ constitute a 
single' pair, and afiect the same organ or feature of 
the plant or animal. We now come in'i^ew ok the 
question : What is the relation' between members of 
distinct pairs of characters— i.e. characters of distinct 
features of the animal or plant-r-for instance, the 
colour of a mouse and its mode of progression ? The 
answer in this case is very sin^)le. There is no 
relation. The colour of a mouse and the jiature of 
its movements, i.e. whether normal or “ waltzing,” are 
inherited entirely independently of one another. The 
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pure race of waltzeis bleed tn^ to their colour and 
“ waltzing ” ; but in the second hybrid generation 
,nrn^]][ced *from. a cross between a waltzing mouse 
and an albino, there is no association between colour 
and the waltzing character. The waltzing character 
is distributed at random over the three colour-groups, 
A, B and C— i.^ without any preference to any 
particular colour-group, as can be seen on page 91 
and Plate 11. The numerical proportions in 
which the various combinations of colour and mode 
of progression occur will not be considered in detail 
now ; suffice it to say that rather less than a quarter 
of the mice in each colour-group, A,^B and C, are 
waltzers. Our attention may now be turned to 
_ points ^jf theoretical and practical interest in the 
*reshits displayed on Plate II. ' 

To consider the facts from their theoretical side 
first; it is seen that the fact of the independent 
inheritance of the colour and mode of progrei^on, 
* which could not be detected by observing the results of 
breeding from t^e pure waltzing race for an unlimited 
number of generations, is at once revealed (in the 
second hybrid generation, to be precise) by the simple 
experiment of crossing two mice which differ in their 
colour 'and the mode of their progression. The 
. practical interest qf such facts is too obvious to need 
insisting upon. The number of new varieties in the 
second hybrid generation is considerable; and 
some of ^hem may be counted upon to breed true. 
The re-combination of charactera possessed by the 
two patents of the cross may be considered first. 
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The albino waltzei 4) possesses the lecessive 
character, waltzing, of one parent, and the recessive 
character, albinism, of the other parent, and as 
these characters breed true when they reappear in 
the second hybrid generation, the new albino waltzer 
will be a constant variety from the first. The colour' 
ing of the pure waltzer and the normal progression 
of the albino are combined in mouse Nf. 12. Mice 
in which the waltziog character is associated with 
one of the colours or arrangements of colour not 
existing in either of the two parents of the cross 
constitute a further set of new forms. The most 
beautiful of these is undoubtedly the lilac waltzer 
(a specimen of which I have not figured), and the 
most curious of them is the form shown at iCTp. 6, a 
mouse in which the coloration of the first hytttifT 
generation is associated with the waltzing character 
— a house-mouse that cannot run away. Whether it 
was a constant variety or not would depend upon 
whether, when mated with its like, it bred true to 
its colour or not ; for it would be (^rtain to breed 
true to the waltzing character if mated with a 
mouse like it. But as the majority of •the mice in 
Ghoup B produce, again, representatives of Groups A, 
B and C, it is impossible that a constant race of mice 
like No. 6 could be raised, except ^fter long waiting, 
from two mice, of opposite sexes, both of which bred 
tine to grey coat and black eye. c> 

In this chapter 1 have set forth an example of 
reversion on crossing and the result of breeding from 
these rev^onaty hybrids. The inheritance of colour 



Tablb seOwino the Distribetioe of the Waltz- 
ing Chabacteb over the Twenty Litters 
• Exhibited bn Page 78. 


M 

Gfcup A 
(albino) 

Group B 

• 

Group C 

Total of 

Total of 

{Dark-coloured mke 

{Pale-eoloured mke 

normal 

walking 

m 

with black eyes) 

with pink eyes) 

mke 

mice 

1 

non& 

grey, grey, grey, 

piebald fawn, pie- 

6 

none. 



block. 

bald fawn. 



2 

albino, 

piebald gr^, pie- 
bald greyrW. 

fawn. 

4 

1 


albino. 




3 

albino :W, 

piebald grey, pie- 

non& 

3 

3 


albino :W. 

m 

bald grey, grey, 
black :W. 




4 

albino :W. 

grey, grey, grey. 

piebald fawn. 

6 

1 

5 

none. 

piebald grey, 
grey, grey, black. 

fawn :W, piebald 

4 

1 



fawn. 



6 

none. 

grey, grey, grev, 
^y, piebald 
black. 

fawn, lilac. 

7 

none. 

7 

albino :W. 

grey, piebald grey 

none. 

5 

1 


albino, albino. 

• 




albino. 





8 

idbino, 

ajoina 

grey, grey. 

none. 

4 

none. 

** 9 

albino. 

grey, grey, piebald 
grey, black. 

none. ^ 

5 

none. 

10 

none. 

grejr, tWiW. 
grey :W, piebald 

fawn, fawn, fawn. 

4 

1 

11 

non& 

piebald fawn :W, 

none. 

5 



grey ;W, pie- 
bald grey :W. 

piebald fawn : W. 



12 

albino. 

grey, piebald grey. 

piebald lilac :W. 

6 

1 


albino. 


• 


13 

albino. 

grey» grey, grey. 

fawn. 

6 

none. 

14 

albino. 

grey. 

gtey :W, piebald 

fawn :W, fawn, 

4^ 

2 



grey. 

fawn 



15 

^biiw. , ^ 

grey, grey, grey, 

piebald fawn. 

0 

none. 

16 

albino. 

grey. 

grey, grey, grey. 

piebald fawn. 

8 

none. 



piebald grey. 





• 

piebald grey, 
piebald black. 



• ^ 

, 

noiu^ 

grey- gr^rW, pie- 
bald grey :W. 

lilac. 

2 

2 

18 

albino :W, 

piebald grey, pie- 

fawn, lilac, pie- 

5 

2 


albino :W. 

1 

bald lilac. 



19 

albino, 

g«3ffgMy. g«y- 

fawn. 

6 

none. 


albino. 




20 

albino.* 

grey, black :W. 

fawn, fawn, pie- 
balS fawn. 

6 

1 


w 




a moiue in the above Table indicates 
moose was a waltisr. All the other mice were normal in their mode 
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in the mice lepieseiiited on Plate U. runs on the 
same lines as that of, for instance, tallness and dwarf- 
ness in peas, and colour in the Andalusfan fawls.' 
ill these three instances agree in the production 
of “dominants,” “hybrids,” and “recessives” in 
the second hybrid generation in the proportion 
1 : 2 : 1 in every four, and dif er in* the character of 
the hybrid which, in the case of staturo'in the peas 
was indistinguishable from one parent, in the case 
of colour in the fowls was intermediate between that 
of the two parents, and in that of colour in the mice, 
constituted a reversion to the ancestral type of 
coloration. The mice, further, afforded an instance 
of a cross in which two pairs of independently inherited 
characters were involved. A closer consideration of^, 
such cases wiU form the subject of the next chapter, 
and the line of argument to be followed now will 
lead us back again to the phenomenon of reversion, 
and show how, at any rate, some cases of it may be 
explained in the light of Mendelian phenomena. 

« 



CHAPTER VII 


THE RELATION BETWEEN CHARACTERS BELONGING TO 
• DISTINCT PAIRS 

The leader is already familiar with the relation 
between two characters of the same pair, such as 
yellowness and greenness of the cotyledons ; that is 
to say, with the results which follow when an indi- 
vidual bearing one character of a pair (yellow) is 
crossed with one bearing the other member of the 
same (gieen). The question to be dealt with now 
‘is the relation between members of distinct pairs 
of characters, such as yellowness of cotyledons, be- 
longing to one pair of characters, and roundness 
or wrinldedness belonging to another pair. A proper 
understanding of this relation is of great practical 
value, because ,it enables the breeder to effect the 
combination of desirable characteristics existing in 
distinctk strains with great swiftness and precision. 

The nature of this relation will at once become 
apparent when the result of a cross between two 
individ^ls whioh,differ from one another in respect 
of characters which belong to two pairs of characters 
has been describe!^ For this purpose I shall describe 
the result of a cross between a pea with wrinkled 
yellow cotyledons, and a pea witE round green ones. 
Let the exact nature of this cross be clearly under- 
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stood before the lesijlt of it is described. Plate I. 
represents the result of a cross between two races 
of peas which differ in the colow of their cotyledons. > 
The two races crossed only differed in respect of a 
single characteristic — colour. Both the parent forms 
happened to be round. Fig. 21 represents the result 
of a cross between two races of peas which differ 
only in the form of their cotyledonsjT. Both the 
parent forms happened to be yellow— but this is 
not shown in the figure. In the cross about to be 
described the parent forms differ in respect of both 
the colour and the form of their cotyledons ; that is to 
say, the results,shown separately in Plate I. and Fig. 21 
are shown together. There is nothing new in the 
case we are about to deal with : it is merely two . 
cases which Have already been considered separately, 
in separate crosses, considered together in one cross. 
Indeed, every detail of the result of the cross between 
the yellow wrinkled and the green round can be pre- 
dicted from the knowledge which we now possess of 
the result of crossii^ a yellow with a green, and a 
round with a wrinkled. Yellow is dominant to green 
and round dominant to wrinkled ; the hesult, there- 
fore, of crossing a yellow wrinkled with a green roimd 
is, a yellow round. This is shown in Plate Hi. ; the 
yellow wrinkled race is represented by a gjroup of . 
six peas to the (top) left of the picture, the green 
round one by a group of eight peasr to the (top) right. 
The first hybrid generation is represented by five 
yellow round peas between and a little bdow the 
parent forms. 




1’I.Alf. III. TIM' KUSUl.T Ol-' pi- A ' 

WIlTl A CKKUN HOUND I’HA 

. ... (Tiinriiihli Umiiid 

(Top li-flM dliiiv Wrinkled 1 . 'll *•»>»• n J*ir •1.^1111111 

III) the puli'.' Sccimd Hybrid Gynyrnlwn. 
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A cross between a yellow ^round and a green 
wrinkled would have involved the same two pairs 

charaotbrs. The hybrid would have been, as in 
the case I have shown, yellow round ; that is to say, 
exactly like one of its parents. The second hybrid 
generation would have been the same in the two cases. 
The difference I etgireen the two cases, of course, lies 
in the distrihution of the characters over the parent 
forms; in other words, in the case 1 have figured, 
each parent has a dominant member of one pair 
and a recessive member of the other pair. But 
when a yellow round is crossed with a green wrinkled 
the former has both the dominant members and the 
latter both the recessive ones. That is why in this 
case the^esult of the cross is identical with one of the 
parents. I have, however, described a dross between ^ 
two individuals, each of which bears a dominant 
and each a recessive character, for a definite reason, 
to illustrate the fact that the dominance or recessive- 
* ness of a character is not a result of constitutional 
vigour or weakness of the animal or plant that bears 
it, but is a property peculiar to that particular 
charactes. *A cross between a round and a wrinkled 
does not show this; nor does a cross between a 
yellow abd a gr^; nor even does a cross between a 
, yellow round and, a green wrinkled. In all these 
cases, the hybrid is like one of its parents, and we 
have no means of.knowing that its character is not. 
determined by the superior vigour of that parent. 
But directly we have seen the result of a cross between 
two forms, each of which possesses a dominant 
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character, we perceive that dominance attaches not 
to the individual but to the character. Some 
individuals in certain animals, such as horses, are, 
said to possess the power of impressing their charac- 
teristics on their ofEspring whenever they are mated, 
which, in the case of stallions, is pretty often. What- 
ever be the nature of this powfx, which is called 
prepotency, it is clear that it has nothing to do with 
dominance. Prepotency is an attribute of individuals, 
and capricious in its appearance. Dominance is an 
invariable attribute of particular characteristics. In 
the case before us there is no question of a certain 
individual impressing its characters on its offspring. 
The hybrid takes one of its characters, yellow, wholly 
from one parent, and another, round, from the other. 

We are thus brought in view of one of the con- 
clusions to which experimental breeding has led, 
namely, the conception that living things are made 
up of a number of characters which arise separately 
and are transmitted separately. Whatever may be ' 
the value of this suggestion as a help to the under- 
standing of evolution, there is no doubt as to its 
value as a guide in the practice of breeding. 

The second hybrid generation produced by the 
seU-pollination of the yellow round hybrids referred 
to above must now be considered. Briefly, this . 
generation consists of individuals presenting all the 
,four possible combinations of yellow, round, green 
and wrinkled; namely (9) yellow round, (3) yellow 
wrinkled, (3) greeh round, and (1) green wrinkled, in 
the proportions indicated by the figures in brackets 



GHARACTE&S OF DISTINCT PAIRS 97 

prefixed to them. This proportion is a very impor* 
bant one ; it is, therefore, desirable to make this 
point perfectly dear. In die second hybrid genm- 
tion resulting from a cross between a yellow wrinkled 
and a green round pea there will be: / 

9 Ydlov tonnd, 8 Tdlow wrinkled, 8 Green round, 

&d 1 Green wrinkled 

in every sixteen peas, on the average. 

It will at once be seen that tiie peas bearing two 
dominant characters are in the majority : there are 
nine out of sixteen. Next come peas with a dominant 
and a recessive character, which may be either yellow 
and wrinkled or green and rpund. Of each of these 
combin^ons, there are three in the sixteen. Last, 
of all, in point of number, come those peas both of* 
the characters of which are recessive, namdy the 
green wrinkled ones; of these there is only one in 
every sixteen. ^ 

This 9 : 3 : 3.: 1 proportion follows from the 
co-existence of , two 3:1 ratios in the second 
hybrid generation produced by a sin^ cross, in tiie 
following Wy. The two pairs of oharacten^ yellow 
and green; and round and wrinkled, are distributed in 
their proportions of three to one, at random, over the 
individuals, toinposing the second hybrid generatibn. 
What is* meant by “ at random ” is that the shape 
«,fybd<n,. is not afiected, one way or the. 
oi^, by ^leir oipkw, or their colour by their shapei 
It ^ptoidd" be an even chance that a* round pea were a. 
T^owtOt green, or that a yellow one were a round 
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or wrinkled, if yeQon^ and greens, and rounds and 
wrinldeds oocnxred in equal numbers. But there 
are three ydlows to one green in every four, hnd three 
rounds to one wrinkled in every four. And the 
proportions in which each of the four combinations 
occur is arrived at by multiplying together the ratios 
in which each of the characters in a combination 
occur separat^y: — c 


Yellow and round . 
Ydlow and wmlded 
Gieen and round 
Qieen and wrinkled . 


3x3 = 9 
3x1 = 3 
1x3 = 3 
1x1 = 1 


A glance at Plate III. will show the kind of 
approximation to the 9 : 3 : 3 : 1 ratio which is obtained 
,in a small number; there are thirty-ei^t seeds 
altogether, and the various combinations of characters 
occur in the following proportions 

18 Yellow round, 7 Ydlow wmMed, 18 Qieeu round, and 
1 Gieen wiinlded 


That is to say, there are too many gieen rounds and 
too few green wrinldeds ; but deviations of this magni* 
tude in so small a sample are of no significance. ' 

So far the visible characters of the plants— i.e. of 
the cotyledons of the young plants seen through the 
seed-coats— have alone been considered. Xkc dis- 
tinction between pure and hybrid individuals bearing 
the dominant character has been left out of account. 
It must now be considered. The simplety case is 
that of the green* wrinkled; evety one of these, 
appearing in the second hybrid generation, wilt 
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breed true, inaamucb as both'of its characters are 
recessive. 

The green rounds breed true to their recessive 
character (greenness), but may or may not breed 
true to their dominant one, roundness. There are, 
therefore, two kinds of green rounds— a kind that 
breeds true to bdth of its characters and produces 
green rounds only, and a kind that breeds true to 
colour but not to shape, and produces green rounds 
and wrinMeds. Amongst every three green rounds 
there will be one of the former and two of the latter 
kind, on the average. 

The yellow wrinUed are in like case. They breed 
true to their recessive character (wrinkledness), but 
may oMnay not breed true to their dominant on^ 
(yellowness). There are, therefore, two kinds of 
yellow wrinkled, a kind that breeds true to both of 
its characters and produces yellow wrinMeds only, 

^ and a kind that breeds true to shape but ndt to 
colour, and produces yellow and green wrinMeds. 
Amongst every three yellow wrinMeds there will be 

one of the former kind and two of the latter, on the 

• • • • 

avera^. * 

There, are four kinds of yellow rounds : (1) A kind 
that bree^ true to both of its characters and producer 
• yellow ifimds onl 3 f; of which kind there , is one in 
evgy nine on the average. (2) A kind that breeds true 
to odour and npt to shape and produces yeUow rounds 
and wrinMeds ; of which kind there are two in every 
Mne. (3) A kind ^t breeds true to shape but not to 
colour^ and produces yellow and green rounds; of 
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which kind thote aie %]bo two in eveiy nine. And, 
lastly, (4) a kind that does not bleed trae but is 
hybrid in respect of, both its characters, and produces 
all four kinds— yellow round, ydlow wrinkled, green 
round, and green wrinkled. Of this kind there are 
four in every nine on the average. On the opposite 
page are given the actual characthrs of the seeds 
of ten plants which were all raised from' the yellow 
round seeds of a hybrid generation, such as that 
which we have considered ; it will be seen that there 
are two instances of the first kind (Plants Nos. 6 and 
8), one of the second (Plant No. 7), two of the third 
(Plants Nos. 1* and 4), and five of the fourth kind 
^(Plants Nos. 2, 3, 6, 9 and 10). Of course it does not 
^ways happep that, in a sowing of ten seedi^* repre- 
sentatives of each of the four kinds occur. Nor, 
when they do occur, amongst ten plants is there 
likely to a close approximation to the ratio given 
abov6. The composition of the second hybrid genera- 
tion we are considering may, therefore, be summarised 
as foHows: — 

1. Tdlow round— • ‘ o v 

(i) Pore to oolonr and BhApe . 1 

(ii) Fore to oolonr but not to shape . 2 

(iii) Pore to sliape but not to colour . 2 

(iv) Hybrid in both respects . » . . 

9 

2. Tdlow wrinkled — * 

(i) Pure to oolonr and shape . • • 1 

(ii) Pore to shape bat not to oolonr 2 



Tab ]0 to show the distriimtion olf yeaow Tonne, ye^ow wnnxiUL., 
gmen xoo^ and gprean wrinkled seeds, oontainixu cotyledons of the 
Sbizd hybrid ffeneration, on ten fdants (1 to 10) of the second hybrid 
generation. Irom aotnal specimens. 

The nnmbers in each horisontal row, nnder each plant, relate to the 
seeds in indiridnal Ptds. Thus, there were sixteen po^ on the first 
plain, elevei^ in the second, and so on. The first pod on the first ]dant 
contained eic^t seeds, the second six, the third five, and so on. 

1 2 3*4 8 
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3. Gieen round — 

(i) Pure to colour and shape , . 1 

(ii) Pure to colour but not to shape . „ 2 

8 

4. Green wrinkled— 

Pure to colour and shape . . 1 


It Trill be observed that there^is only one pnie 
breeding representative of each of the four categories 
ydlow round, yellow wrinkled, green round, and 
green wrinkled. 

The ratios in the above may be arrived at by 
multiplying together the ratios in which the parti- 
cular characters which make up each combination 
V occur separately, having regard to the questior 
.,|whether the character is in a pure or hybrid state 
Ihus, when a yellow is crossed with a green th( 
second hybrid generation is composed as follovns 
1 pure yellow, 2 hybrid yellow, 1 green, in ever 
four i. and the second hybrid generation from a cror 
between a round and a wrinkled has the followin 
composition: 1 pure round, 2 hybrid round, 
wrinkled, in every four, on the average. The cor 
bination of these six dasses will, therefor^ bccdr ; 
the following ratios : — 

tl. Tdlow round] — ^ 

Pun yellow and puie round . 1 x 1 »= 

Fun yellow and hybrid round . 1x2 = 2 

Hybrid ydlow and pure round ° 2x1 = 2 
Hybrid ydlow and hybrid round ^2 x 2 =» 4 
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• • 

[2. Yelow vimlded}— 

Fuie fdlow and wrinUed. • , 1x1 = 1 

Hybrid yellow and wrinkled . 2x1 = 2 


[3. Gieen lonnd}— 

Green and pure round 
Green and hybrid round . 


1X1 = 1 
1X2 = 2 


[4. Green wrinkled]— 
Green and wrinkled . 


1x1 = 1 


The epithet “ptue” is omitted before the 
recessive character in the above taUe to lay stress 
on the fact that the recessive character is always/ 
pnre. ** • ^ 

, To consider for a moment the practical application 
of the &cts which have now been set forth, it will 
be seen that there are four combinations of characters 
in this second hybrid generation, two of which ate 
different from the parent forms started with, namely, 
the green wrinkled and the yellow round. Of these 
four copoibiqations only one typo— that which possesses 
two recessive characters, the green wrinkled— can be 
counted on to breed true, straight away. We have 
to wait no longer in this instance than tiie second 
hybrid generation for a constant new variety. In 


to wait till the* next generation before we be 
certain *of getting a constant 1y{)e. For directly we 
find a plant (beuing a fairly la^ number of seeds) 
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which produces only yellow loimds, or only yellow 
wruddeds, or only green rounds, we can be sure that 
it is pure in respect of both colour and shape, and will 
continue so. And it may be laid down as a general 
rule that the permanent combination of two recessive 
characters may be effected in the second hybrid 
generation, but that the permanent combination of 
a recessive and a dominant charac^ (belonging, of 
course, to distinct pairs), or of two dominant 


characters, cannot be effected till the third hybrid 
generation. It is curious that the great majority of 
the best culinary peas are green wrinkled. But this 
fact is probably not merely due to the facility with 
which these tWo characters can be combined; for 
^,hough there is no advantage, from the culinary 
|»int of viev, in the green over the yellow, the 
advantage of the wrinkled over the round will ])e 
seen to be very great. 


II 


Ah instance of the value a fomiliarity with this 
9. : 3 : 3 : 1 ratio, as a help to understanding otherwise 
unintelligible results of cross-breeding, will now be 
given. One of the characteristios which disjiin^iish 
the various breeds of poultry is the form of the comb. 
The commonest type of comb, and that possessed by 
thb wild ancestor of our domestic poultry, is known 
as the ang^ comb, which is represented in SS. 
The comb is flat from side to side, and its free edge 
is marked by deep indentations. 'Another type of 
comb, which charasterises the Wyandottes, is shown 
in Tig. 28, and is known as the “rose” comb. It is 
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squat, auH its surface is marked, all over, by many 
convolutions. A third (F!g. 24), known as the 
^ “ pea ” comb, occurs in the Sumatra game, for instance, 
and may be said to consist of thee low ridges, a 
median and two lateral ones. A fourth type of 
comb, known as the walnut comb, and only occurring 
in the Malays, is shown in Fig. 26. It consists of a 
globular excrescence not unlike a walnut. 

If a fowl with a “ pea ” comb is mated with one 
bearing a “ rose ” comb the resulting hybrids have 
“walnut” combs. When these hybrids are mated 
together, the generation produced has the following 
remarkable composition: 9 “walnut,” 3 “rose,” 
3 “ pea,” : 1 “ single.” No “ single,” itVill be remem- 
bered, was put into the cross. What is the origin of 
the single comb in this second hybrid generation, 
and ^ characters responsible 

for this 9 : 3 : 3 : 1 ratio are questions which natur- 
ally present themselves. 

The result of crossing the yellow wrinkled *with 
the green round pea gives the clue. It will be remem- 
bered that in that instance both the dominant 
charaotegis occurred together in the individuals which 
appeared in the proportion of nine in the sixteen; 
and that the dominant characters occurred separately 
in the two lots of, individuals which appeared in the 
ratio of three in the sixteen, Le. the yellow in the 
3^ow wrinkled, and the round in the green round* 
In this case, therofore, we should suppose that the 
two doirunant characters are “rose” and “pea.” 
What the recessive characters corresponding to them 
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are will be indicated shortly. For the present, let us 
observe the result of their union. It will be at once 
noted that we cannot, as in the case of' the peas, , 
observe the co-existence of the two characters 
** rose ” and “ pea ” in the hybrid. But this should 
give no cause for surprise. In the case of the peas, 
one pair of characters relates to colour and the other 
to shape; so, not only is it natural to expect to 
see them separately in. the hybrid, it is impossible 
to imagine how they could bMome merged. But in 
the case of the fowls’ combs, both the characters 
relate to shape, and it is therefore hard to conceive 
how, when they both exist in the same comb, they 
can escape blending, or at any rate producing a 
shape which is difierent from either, and in which 
neither can be recognised separately. 

The “walnut” character is, therefore, due to, the 
co-existence in the same comb of the “pea” and 
“rose” types. The “single” comb, which makes 
up one-sixteenth of the second hybrid generation 
we are considering, is the result of the absence of 
the two characters “ pea ” and “ rose.” The case is 
entirely analogous to that of the peas : the yellow 
rounds have two dominant characters; so has the 
“ walnut^” namely, “ pea ” and “ rose ” ; the yellow 
ThnnUed has one dominant character and one reces- 
sive; BO has the “pea,” namely presence of the 
“pea” character, and absence of the “rose”-^i: 
the “rose” were present the comb would lx 
“ walnut.” The green round also has one dominan 
character and one recessive; so has the “rose,’ 




Fig. 25 .— walnut comb 




CHARACTEI^S OF DISTINCT PAIRS 107 

namely pAsence of “ xose ” and absence of “ pea ’* ; 
the green wrinkled has two recessive cbaiacters, so has 
, the “ sini^e ’’—absence of both " pea ” and “ rose.” 
And the proportions in which these analogous things 
occur in the second hybrid generation ate the same, 
thus: — 

9 "Walmit'* 8 8 "Rose” 1 “Single” 

[=“Pe8”aad [=ab8enoe of both 

“Rose”] “Pea "and “Rose”] 

9 Yellow round, 3 yellow wrinkled, 3 green round, 1 green wrinlded> 

It will be renumbered that it was said earlier in 
this chapter that the same results would have followed 
if, instead of crossing a ydlow wrinkled with a green 
round p^ a ydlow round were crossed with a green / 
wrinkled. The two crosses only difier, in the fact* 
th%t in the former each parent has a dominant 
chuacter, whilst in the latter both dominant 
characters exist in one parent. The c'oss we have 
’ described in the case of the fowl’s comb, nsAndy 
“ pea ” by “ rose,” is analogous to the one displayed 
in Plate III., ruunely, ydlow wrinlded by <green 
round. Jn» both cases each parent has a dominant 
character. The cross in the case of the combs, 
analogous to that between yellow round and green 
wrinkled, is a cross^between “ walnut ” (possessing, Or 
consistibg o^ two dominant characters, ”pea” and 
‘^lose ”) and “ sin^e.” Here, as in the case of the 
peas, precisely the same results follow in the second 
hybrid generation, namely 9 ’’walnut,” 3 ’’rose,” 

3 ’’pea,” and 1 ’’single.” The appearance, in the 
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second hybrid generation, of two eiltiielj new 
characters— the “rose” and “pea” combs— which 
were not present in either of the parents or in the. 
first hybrid would have been unintelligible to the 
esqierimenter who was not hmiiliu with the 9 : 3 : 3 : 1 
ratio, and with the proof, which this ratio affords, 
that we are deahng with a .cross between two 
forms which differ in respect of tyro pairs of 
characters. 

The reader will have noticed that a new con- 
ception of the nature of the Mendehan pair of 
characters has been invoked to explain the pheno- 
mena of inheritance presented by the characters 
of the fowl’s comb. Mendel’s own results le^ 
to the conclusion that characters which were 
inherited in Mendelian fashion were associ^tec 
together in pairs, such that one member of a paii 
was dominant and the other recessive. No in^ca 
tion' was given of any features which were pecuUai 
to dominant characters — that is to say, no clue 
was 'given by which a dominant character coulc 
be known or suspected to be dominant before 
the result of mating it with a recessive one wa; 
known. The two members of a pair possessed thi 
feature in common, that they wet^ not merely drawi 
at haphazard from the characters of the plLnt, bu 
both pertained to the same part of the organiSa 
tion of the plant. Thu^ yellow and wrinkled d 
not constitute a pair, but yeUow and green. The tw 
n^beiB » pair only differ from one another Ir 
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the fact that when two indivi^uak, each of which 
possesses one of them, are mated, a hybrid is produced 
>in which one of theno, which is called the dominant, 
exists to the more or less complete exclusion of the 
other. 

This is the general conclusion, as to the relation 
between the two ^sluucacters of a pair, which was 
derived from a oonsid^htion of Mendel’s own experi- 
ments with peas. Now, it will be seen that from the 
breeder’s point of view it is very desirable to possess 
some sign by which a dominant character may be 
known before the crosses are made; also one is 
naturally curious to know what it is t^t makes one 
character of a pair dominant and the other recessive. 
A conc4>tion of the nature of dominant, in contra-, 
distinction to recessive, characters has already been 
hiifted at in the explanation which was given of the 
result of crossing a fowl with a “pea” comb with 
one with a “ rose ” comb. The two pairs of chan^pters 
involved in that cross were supposed to be the 
character of the. comb known as “ pea ” (dominant) 
and the absence of that character (recessive); and 
the *chftactbr of the comb known as “rose” 
(dominant) and the abienoe of that character (reces- 
sive). In both oases the presence of a particulu 
character constituted the dominant member of the 
Hpir, and the absence of that character the recessive 
member. The dominant character is due to the 
presence of something — the recessive to the absence 
of that something. It is not easy at present to see 
how this conception may be applied to the pain of 
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ohuacteis we have alieady conaideied, sock as yello^t 
and gieen^ round and wrinkled ; and before 1 attempt 
to show bow it can be applied to them I will describe 
a cross involving two pairs of characters to which 
its application is obvious. 

This cross is between two kinds of peas (Pimm) 
which difEer in the colour and arrangement of the pig-^ 
ment in their seed-coats. In one of them there is s 
rich brown mottling of anastomosing brown lines on a 
paler bacl^round; this is characteristio of the 
so-called maple,” or ** partridge,” peas which can 
be had of any com chandler. The brown mottling 
is only visible on dose inspection; in the mass the 
peas appear brown. A specimen of a pea with a 
“ maple ” seed-coat is shown, magnified, in f^g. 26-. 
The seed-coait of the other variety, with which the 
“ maple ” is crossed, is marked with a great numbei 
of minute purple spots on a backgroimd, which ie 
pale greenidi grey in the newly ripe pea, but becomee 
dark brown wi& age. CerWn garden peas, such 
as the French sugar pea, exhibits this tj^ oi 
coloration. A pea with this ^yish seed-coat alwayi 
has purple flowers, whether there are ^urffle d|pote 
on ^e seed-coat or not. Further, the grey may 
exist in the seed-coat without purple spots, but the 
purple spots are not known to occur on seed-coate 
which are not grey. This fact does not conram ue 
now, but is of great importance in the theory of 
reversion, which will be set forth later. For, the sake 
of brevity, the of seed-coat which has purple 
spots on a grey kMikground will be referred to ae 
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‘‘pTuple s^t^’ simply. A spepimen is shoi^m in 
Pig. 26 . 

, When i^s bearing these two varieties of seed-coat 
are crossed, there results a hybrid, the seed-coat of 
which exhibits both the “ maple ” and the “ purple 
spot” character, which is seen below and between 
the two parent fqpns in Pig. 26 . This result is 
rather surprifiog, because it might have been supposed 
that “ maple ” and “ purple spot ” were the dominant 
and recessive members of a single pair of characters 
from the fact that they woe stated to characterise 
one and the same part of the plant, namely, the seed- 
coat. It will be remembered that one feature of 
characters which constituted a Mendelian pair of 
character was said to be the fact that they pertained 
to the same part of the organisation of*the animal 
or plant which bore them ; and it might be supposed 
that the converse was true, namely, that two 
characters which pertained to a particular part of 
'the plant, ipso facto, constituted a pair of Mend^ian 
characters. But .the fact that both maple” and 
“ purple spot ” are simultaneously present in* the 
hybrid sho^*that these two characters do not con- 
stitute a pair, but are members of distinct pairs. 
The generalisation, however, in regard to the common 
location of the twotmembers of a pair of characters, 
and the^converse of this generalisation are saved by 
the fact that ther^ ar^ two layers in the seed-coat . 
of the pep, an outer and an inner, and that the 
pigment to which tiie “ maplflig ” is due is 
lodged in one of them and the pigment which 
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gives rise to the purple spots is situate in the 
other. 

The second hybrid generation produced by the 
seU-fertUisation of the hybrids just described shows 
at once what the pairs of characters involved in 
cross are. It consists of nine plants, the seed-coats 
of which bear both “maple” and “purple spot,” 
three with “ma^e” seed-coats only, three with 
“ purple spot ” only, and one with neither “ maple ” 
nor “purple spot,” but a pale homogeneous grey 
coat, amongst every sixteen plants, on the average. 
The oases of a 9 : 3 : 3 : 1 ratio in the second hybrid 
generation, which have ^already been described, at 
once show what the two pairs of characters are. In 
these oases, it will be remembered, the inJividuals 
which occur in the ratio of nina possess two dominant 
characters ; the two lots, which occur in the ratio of 
three, possess respectively the dominant member of 
one pair and the recessive of the other; whilst the 
individuals, which occur in the ratio of one, poBsess 
the teoesave members of both pairs. The two pairs 
of characters in the instance under consideration are, 
therefore, “maple” (dominant) and the absence of 
“ maple ” (recessive) ; and “ purple spot ” (dominant) 
and the absehce of “ purple spot ” (recessive). Gases 
such as this have given rise to the theory that one 
(the dominant) of the two characters, whicli make 
a pair, consists in the presence of something, and 
that the other (the recessive) consists in the absence 
of that something. The theory bM been called the 
Presence and Absence hypothesis. The reader who 
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is lemindeil df logical exerciseg, and suspects that 
this theoiy, like other products of the imagination, 
.may bear* but a very ^stant relation to actualily, 
may discover that his suspicion is happily— to a large 
extent, at any rate— without foundation making 
the cross which I have described, if he has a few 
square yards of g)»und at his disposal ; when he 
^1 obtain* about once in every sixteen plants, in 
the second hybrid generation, a plant bearing peas 
in the seed-coats of which the two absences of 
“maple” and “purple spot” are combined— peas 
which can be seen and handled. 

We have dealt in this chapter with pairs of 
characters which are inherited in complete independ- 
ence of* one another, i.e. with cases in which 
characters belonging to one pair are unafiected by 
characters belonging to another, and have come in 
view of a simple theory of the nature of dominant 
and recessive characters. The further consideration 
' of this theory will be dropped for the present to be 
resumed in the, chapter after next. In the next 
chapter we shall deal with oases in which cUlicklB, 
beIoi]^;ing tb'one pair, are very profoundly affected 
by characters belonging to another pair. 



CHAPTER VIII 


TEE INTEBPRETATION OF EEVEBSION 

r 

Fob instances of leveision which may be explained 
in the light of Mendelian facts of inheritance we can 
again draw on the chaiacteis of Pism, One of the 
characteis with which Mendel experimented was the 
coloiii of the seed-coat, which was either grey 
(dominant) or white (recessive). The grey seed-coat 
mi^t, or migiit not, be marked with the purple 
spots which contributed to the subject matter of 
the last chapter. We are now concerned with the 
grey seed-coat which is stated to be destitute of the 
purple spot. As a matter of fact, purple spots are 
presept, but they are very faint and scarcely dis- 
cernible. So that the difference between the two 
kinds of greys is not that one has, and the other has 
not, purple spots, but that one has pronounced purple 
spots (which have already been seen in dne o^the 
parents of the cross described in the last chapter, 
Fig. 26) and the other scarcdiy discernible ones (which 
cannot be seen in the pea to the tep left of Fig. 27). 
The latter will be referred to simply as grey to' avoid 
circumlocution; the former as grey with purple 
spot. We are now concerned with the, spotless 
grey (Fig. 27, top'left), and with the pore white, 
which is shown at the top right of Fig. 27. When 

«4 



*• Grey with purple *pot». 
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peas diaraoterised by these twd types of seed-coat are 
crossed, ^e resultant hybrid may either have a seed- 
coat like the grey parent or it exhibits the full 
purple spotting. This latter result is shown in Fig. 
the hybrid grey seed-coat with purple spots ^ing 
seen below and between the two parent forms. The 
hybrid here possesses a character, the purple spot- 
ting, which is absent from both, parent forms, but 
exists in the wild pea found in Palestine and elsewhere, 
which probably corresponds more closely than any 
other to the wild ancestral form from which our 
culti'^ted peas have descended. The reappearance, 
therefore, of this purple spotting as the result of a 
cross between two forms, neither of which possesses 
it, constitutes a typical instance of ^reversion o> 
throwing back. * 

* The second hybrid generation, produced by the 
self -fertilisation of these reversionary hybrids, consists 
of peas with purple-spotted grey seed-coats,* peas 
with grey seed-coats, and peas with white seed-coats, 
in the ratio df 9 purple-spotted grey, 3 • grey, 
and 4 wh^ This is an entirely new proportion, 
the medhiug of which is not at first sight obvious. 
The theory which has been put forward to explain it 
is as follows: It is supposed .that two pairs of 
characj^ are ufvolved in this cross: they are 
o grey ” and “ absence of grey ” ; and “ purple spot ” 
and “ absence of* purple spot ” — exactly as in the’ 
instance described at the end oi the last chapter, 
** maple” and its absence, and “purple spot” and 
its sbseooe. But in the instance now under con- 
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sideration the xesults aira supposed to be complicate 
by the fact that one of the characters of one pair is 
affected by a character belonging to the other pair. 
It is supposed that the character ‘‘purple spot” 
can only exist in a pea which has a grey seed- 
coat. In other words, the character ‘‘ purple spot ” 
cannot be manifested unless the character “grey” 
is also present. But the character “grey” can be 
manifested in the absence of the “ purple spot.” If 
there was not this connection between the characters 
of two distinct pairs we should expect the composition 
of the second hybrid generation to be analogous to 
that which we have seen to follow from other instances 
in which two pairs of characters are involved. We 
should expect it to consist of 9 grey with 'purple 
spdt (two dominant characters), 3 grey, but with- 
out purple spot (one dominant and one recessiVe 
character), 3 purple-spotted, but without greyness 
of secd-coat (one dominant and one recessive 
character), and one white, ie. without purple spot or 
greyness (two recessive characters): an ordinary 
9 : 3 : 3 : 1 proportion. This is what \^e should 
expect if we did not suppose that purple s^t 'and 
greyness of seed-coat were connected in the manner 
stated above, viz. the impossibility of the mani- 
festation of purple spot in the absencb of grey ; and the 
possibility of the manifestation of grey in the absence . 
df purple spot. Now, let us see -how this supposition 
affects the 9 : 3 : 3 : J ratio. The second 3 represents 
three plants the seed-coats of which would exhibit 
pur^e spots on a white seed-coat on the supposition 
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t(it purple spot was not dependent on the siinul- 
taneous presence of grey ^01 its manifestation. 
But on the supposition that the purple spotting 
cannot exist in the absence of grey, the seed-coats of 
these three plants will be simply white, and, there- 
fore, indistmguishable from the single white plant 
occurring at the end of the series, in the ratio of one 
in the whole sifteen. The first 3 in the series will 
not be adected by this supposition, because grey can 
exist in the absence of purple spot ; nor will the 9, 
because both characters are present. The second 
' hybrid generation will, therefore, consist, according 
to this theory, of nine plants the seed-coats of which 
are grey with purple spot, three grey and four white. 
And it will be remembered, is the result which 
was dbtually obtained. Of course, the fact that the 
theory harmonises with the facts does not prove that 
the theory is true. Its truth can only be tested by 
finding out whether all the consequences whi<^ follow 
from it actually occur. * 

But assuming that it is true — and I, for one, believe 
that it approiimates hurly closely to the truth — ^it 
brjpgs us ^thin reach of an explanation of one o' 
the plienomena with which the breeder is most 
familiar, namely, that of reversion, or throwing back 
Reversion on crossing, in such cases as those whicl: 
we l^ve been (wnsidering, is due, according to thir 
theory, to the reunion in one individual of twc 
characters, the* siihultaneous presence of both la: 
which is necessary for the existence of the ancestra 
oharaoter. In the instance discussed above, th« 
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purple spotting of the wild ancestor of our culinr^ 
peas depends on the *co-existence in one individual 
of two characters, the purple spotting itself and a 
grey seed>ooat. At some period, probably after the 
pea had been domesticated, these two characters 
became separated; how, we cannot do more than 
guess. And the reappearance of the ancestral 
character on crossing is due to die union of two 
individuals one of which has one, and the* other has 
the other, of the two characters necessary for the 
production of the ancestral character. 

Another instance of reversion is afforded by the 
colour of the flower of the culinary pea. The .three 
colours ■ known' are shown on Plate IV. On the 
right is ^own the commonest type, th^ pure 
white flower on the left is what may be called the 
piflk flower ; the flower is not however, as a matter 
of fact, eqt^y pink over its whole extent, the outer 
single petal, the “standard,” is nearly white, and 
the p&ired inner ones, the “ wings,” are sabnon pink, 
the keel, enclosed by the “wings,” is white with 
green veins. 

Between these two flowers, and above them, i^ the 
so-oaUed purpfe flower, which approzimatra most 
closely in its colour to that of the wild ancestor of 
garden peas. The standard is a pale purpld in which 
the blue is in excess of the red ; the wings are adense 
purple in which the red preponderates over the blue. ‘ 
" When a pink-flowered variety iS crossed with a 
white-flowered one^ the result is a purple-flowered 
plant. The pink and the white flowers on Hate lY. 
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from plants belonging to puce pink-flowered and 
pure white-flowered races Respectively; and the 
purple flower is from a plant of the first hybrid 
generatNorproduced by crossing these two races. 

These purple-flowered hybrids produce, when 
self-fertilised, a second hy^d generation which 
consists of purple-flowered, pink-flowered, and white- 
flowerec^^lants in the ratio of 9:3:4 respectively. 
The explanation of this case is predsely similar to 
that suggested to account for the result of crossing 
a grey- with a white-seed-coated pea. But it was not 
so oWous in the present case, for a reason which 
wilhbe given shortly. The two pairs of characters 
in this case are supposed to be blue ” and “ absence 
of bli)|B,” and “ pink ” and ** absence of pink ” ; but 
the blue, like the purple spot, cannot be manifested 
in the absence of the pink ; so that ^e composition 
of the second hybrid generation which, if the blue 
could be manifested in the absence of pink, would 

be — » 

9 Fink and Blue . . • [= Pniple] 

3 Fink and not Blue . . [= Fink] 

3 Blue and not Fink . . [= Blue] * 

^ , l^not Blue and not Fink . [— Wbite] 

is, as ft matter of fact — 


9 Fmk and Blue 
Fink and n^ Blue 
3 Blue and not Fink 
1 not Blue a^d n^t Fink 


[= Fuiple] Le. 9 Fu^le, 
[= Fink] i.e. 3 Fink 


Ther type of second hybrid generation which has 
been met with twice in this chapter deserves further 
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consideration. It may be expressed in general t^^ms 
in the following schedie : — 


[Ponats] Pale fonn x C'^lquileu firm 


[Pint Hybrid Geneiation] 

Dark form 

[Second Hybrid Geneiation] 

3 Pale foim 

9 Dark form 

4 Cofourless form 

1 

The three categories ue written in this order, 
3:9:4, instead of 9:3:4 for a reason which t^l 
shortly appear. The manner in which the two cases 
which we have considered fit into this scheme is as 
follows : — 

Seeircoat Colour 

[Parents] Giey x W^dte 

1 

' [Pint Hybnd Gen.] 

Grey vith pniple spots 

[Second hybrid Gen.]] 

3 Grey 

9] Grey with pniple spots 

4' White 

Fhwef Colour , 

[Pazents] Pink x White 

1 

[Pint Hybrid Gen.] 

Purple 

[Second Hybrid Gen.] 

f 

3 Pink 

9 Purple^ 

4 White 


• It will also be apparent, on reflection, that the 
phenomena of the ijpheritanoe of colour observed in 
the mice fits into the same scheme 
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^Parents] Fawn and white x White. 

^ with pink eyes *| with pink eyes 

[Fiist £ybiid Gen.] Giey with blaok eyes 

[Second'^^biid Gen.] 1 Fawn oi lilac, with pink eyes 

2 Gray or blaok, with Uack eyes 
1 White with pink eyes 

The attempt th fit this last case into the scheme 
brings out* another point— the similarily of the pro* 
portion 1:2:1 to that of 3:9:4. This similarity 
should, however, be merdy accidental, because the 
3:9:4 (or 9:3:4) is supposed to follow from 
the ^ : 3 : 3 : 1 ratio, and its connection with the 
1:2:1 ratio is thus very remote* and devious. 
For mj* own part, I am inclined to think that 
the rdkemblance is not accidental., I find iti 
difficult, for instance, to regard the fact that m 
bSth the 3 : 9 : 4 and the 1 : 2 : 1 the colorless forms 
occur in the proportion of 26 per cent, of the genera* 
tion as a mere fluke, and entirely without signifidance. 
But I do not think that it is profitable to discuss 
this matter until more oases of second hybrid dera- 
tions, in wlpoh these ratios are said to occur,, have 
. been br^ on a scale large enough to Mtisfy statisticians 
that they really do occur. 

For instance, in the case of the mice, it is possible 
that i^e ratio in ^t case is 3 : 9 : 4 and not 1:2:1. 
■And the question which of the two it is hus still to 
be decided. * • * 

Moreover, in this chapter Iihave been merdy 
concerned to point out that certain cases of revenian 
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can be easily descri^ in terms of Mendeliaa ^Heie- 
ditaiy processes. 

The reader should be femiliar ho«v' with the 
manner of inheritance of Mendelian pairs of characters 
in the result of crossings in which only one such 
pair is involved, and in crossings in which two such 
pairs are involved; and with t^ose cai^s in which 
the members of one pair of characters ezert no ^ect 
on members of another pair, i.e. in which cases there 
is a 9 : 3 : 3 : 1 ratio in the second hybrid generation ; 
and also with those cases in which a member of one 
pair of characters depends for its manifestation on 
the presence* of a member of another pair, in 
which cases there is a 9:3:4 ratio in th^ second 



Our review of the main phenomena of Mendelian 
inheritance is now concluded. Most of the illustrative 
oases are sndi as can be bred by the reader if he has 
the * 00110^17 to do so. A fi^ description of the 
conduct of a breeding experiment, together with 
the nhmes of the varieties which exhibit the characters 
referred to, will be found in Chapter Xf , ^ 

We now pass on to the subject alluded to at the 
end of the last chapter, namely, the nature of the 
Mendelian pair of Characters. question is of 
the greatest interest to the practical breeder«and to 
the investigator. But we are as yet very .&r from & 
satisfactory answer to it. The work of the practical 
breeder would be greatty simplified by the*po8session 
of some ample role which would tell him before he 
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THE NATURE OF THE MENDEUAN FAIR OF OHARAOTER8 

A QUESTION which natuially and^freqaently presents 
itself to the mind is : “ Wat is it tha^ makes one 
character dominant over another when they meet 
in a cross ? ” A common answer to this question 
is that the dominant character is strong and the 
recessive one is weak ; but this is too vague at uotion 
to be of thep nature of an eiqtlanation ; moreover, 
it is, in fact, little more than a restatement of the 
difficulty ii^volved in the question. 

Before proceeding to the two theories which 
app^ tq be worthy of consideration, I think i^ is 
desirable to warn the reader against an idea, which 
has^ found its way into print, that there is some 
connection between selection and dominance ; that 
a dominant character is the result 'of a long process 
of selective breeding. There is no grpund w^tso* 
ever for such an idea, and it is difficult to imagine 
how it can have arisen. 

*' Two theories of the nature of the Mendelian pair 
of characters, and of the cause of dominance i^ paiti- 
culai, have obtained wide credence. One of them 
has already been eiq^oded, the'othbr is still supported 
by a oonsiderabb party of adherents. * 

The 0ist of these is the idea that the oldest of 
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the Aro members of a pair of characters is the domi- 
nant. When, for instance, one of the members of 
•a pair. oii.. dimeters is that borne the species 
in which the character occurs in its wild state, and 
the other only occurs in a state of domestication, it 
would be supposed, according to this theory, that 
the wild ” character, being the older, would be the 
dominant, and the ** domesticated ” one, being the 
more recent, would be the recessive. In mice, for 
instance, the grey of the house mouse would be 
ejected to be— and is— dominant over the white 
of the albino. Now, there are a great number of 
oases which support this theory. Foe ^instance, the 
dominant members of the pairs of characters pre- 
sented yfy the cotyledons in Piaum— yellow and 
round — ^both occur in the wild specimens of the 
wiM Ptstfin which have been examined. IThere are, 
however, a number of cases m which this theory 
breaks down entirely. For instance, the single cpmb 
in the domestic fowl, which is known to be the form 
of the comb in the wild ancestral stock of the jimgle, 
is recessive to the “ rose ” and to the “ pea ” comb. 
The Absence of a tail in rumpless breeds of fowl is 
dominant to the ordinary t^ed condition which 
characterises the majority of domestic breeds, an^ 
of course, the wild representatives of the species. 
^ thi^ theory, falls to ^e ground. 

We see, therefpm,»that though many characters • 
of wild spikes are dominant to their domestioated 
counterpub^ the fact tiiat certain of them are not 
dominant suggests that, in those cases where they 
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ai^ dominaaoe is net simply due to the faot^^t 
the chaiacter in question belongs to the wild species ; 
and that some other cause must be sought fgr-, ^ ’ 

This is suggested by the second theory. The 
reader will remember that» in order to explain the 
result of crossing a pea with a maple seed-coat with a 
pea with a'purple-spotted one, we invented the theory 
that, in this case, the pair of characters did not 
really consist of two characters, like yellow and green, 
but of a partioalar character, maple, as the dominant 
membo', and the mere absence of this character as 
the recessive member of the pair. And the impres- 
sion may have been given that this theory wsls only 
invoked to explain an outstanding case. So fu 
from this being the case, this theory, which *18 called 
^the Fresencef and Absence hypothesis, is now being 
applied to all the otiier Mendelian characters. 'In 
many casA the fitness of this apjdication is at once 
obvipus. In the case of eye-colour in man, for instance, 
the duplex character which is dominant, is due to the 
ptesei^ce of the brown pigment, and the recessive 
chaaaoter, simplex, is due to the absence of this pig- 
ment Stated in its most general terms, this thedi^ is 
that the dominant character is due to the presence of 
gpmethingi and the corresponding recessive character 
is due to the absence of that something. It will be 
perceived that this conception of the constitu^on o^ 
«the' Mendelian pair of characters differs profoundly 
from that which we should naturally derive &om .a 
ooatemplaticin o^ for instance, the seven parts of 
(dianbten studied by Mendd. In dl these seven 
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oaael-.the Acessive oharactei appeals to be as much 
due to the presence of something as the dominant 
, one-wj^reednera. as much as yellowness, wimkledness 
as muclT as loundness, and so on ; and it appears 
that in these seven cases we really are dealing with 
seven genuine pairs of two equally real characters, 
and that in no cai^ is one of the characters merely 
the absence of its counterpart. But we shall see 
that not only can the presence and absence hypothesis 
be made to apply to these oases, but that it probably 
tl^ws much light on the real nature of these 
characters. 

The application of this theory to the characters 
of the cotyledons does not comdst merely in the 
statemeiyt that wrinMedness is simply the absence 
of roundness. That would be a mere jug^^ling with * 
WQids.. The application of this theory consists in 
the statement that wrinMedness is due to the absence 
of that which determines roundness. And this r^ses 
the question : What is it that determines roundness ? 
To answer this question it is necessary to coi^der 
the part played the cotyledons m the economy 
of the planl. They are, as the reader is probably 
aware, storehouses of food material on which the 
young plant depends almost exclusively from thq 
moment at which germination begins un^ the young 
^lant hhs attained a height of about six inches. 

This food matejial.u, of course, laid down in the . 
cotyledons, whilst the seed is still in the pod. It 
first appears in the form of a sugary solution, and 
as the seed matures, this sugar is gradually converted 
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into staroL This staich is in the form' of gwins 
which, in the case of the round pea, may be best 
described as potato-shaped. They are sho^ in 
Fig. 28. These gridns can easily be seen, in the 
following way : A dry round pea is soaked in water 
for twenty-four hours ; a thin shoe is then out o£E 
with a razor, the out surface o| the pea is then 
wetted with a drop of water, and scraped. The 
whitish fluid scraped off will be found to consist 
almost entirely of these starch grains, when examined 
through the microscope. , 

If the starch grains of a wrinkled pea (Fig. 29) 
are examined in the same way they will be foiind to 
present a very different appearance from those of the 
round pea, for whilst the latter are entire, thi^ former 
^axe compouitd; their substance is subdivided by 
radiating strands of a refringent yellow matter. Moie- 
over, whilst the grams of a round pea are distinctly 
elongate, those of a wrinkled one axe roughly 
circular, if we neglect the indentations caused by 
the radiating strands. . 

It is evident, then, that the starch is in a different 
state in the round pea from that in whick it occurs 
in the wrinkled. The probable nature of this differ- 
epce is indicated by the following experiment: If 
a round pea is weighed^ and then soaked in water 
for twenty-four hours, and then weighed agaidi, the 
•weight of water absorbed ca^ be determined, if 
this weight is then expressed as a fract^pn of the 
we^t of tiie dry pea, a certain figure, which 1 have 
called the “ absorptive capadfy,” ie obtained. The 




Fig. 29.— starch CRAINS OF WRINKLED PEA 
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amount of water absorbed by a found pea in twenty- 
four hours is about 80 per cent, of its weight when 
dry.* XQ,o{h^ words its absorptive capacity is 80. It 
does not absorb its own weight of water in twenty- 
four hours. A wrinkled pea, on the other hand, 
absorbs more than its own weight of water in twenty- 
four hours. Its absorptive capacity is about 120. 

The cause of this difference is probably that, in 
the case of the wrinkled pea, the whole of the sugar 
is not converted into starch. In fact, the wrinMing 
iljpelf, which takes place during the ripening of the 
seed, is probably due to this incomplete conversion 
of th^ sugar into starch. All peas, wrinkled as well 
as round, are round before they are dry; that is, 
in the Aate in which they are eaten. Cooks think 
that all peas are round. It is only gdltdeners, who* 
S(W7 or harvest the dry seed, who know the distinction 
between round and wrinkled. Wrinkled p&s wrinkle 
because more water escapes from them than itom 
round peas; and more water escapes from them 
because water «an escape from a sugary solution 
more easily than it can from the grains of starcL 
The *water* is, so to speak, locked up in the solid 
starch gr^ much more securely than it is in a solu- 
tion of sugar. , 

It is not possiMe— at any rate it would be very diffi- 
jcult— ^ measure the relative amounts of water given 
off by round and hy wrinkled peas during the process* 
of ripening. But what can be done is to measure 
the converse of this process, namely, the relative 
amounts of water taken up by round and wrinlded 
•J 
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peas when thej germinate; for, inasmuch as round 
and wrinkled peas are equally round before they lose 
their water, and are equally round when they have 
taken it up again, we have some ground for assuming 
that each kind takes up as much when it germinates 
as it loses when it ripens. The fact, therefore, that 
a wrinkled pea takes up more water than a round 
one does, when it germinates, may be taken to mean 
that it loses more than a round one does when it 
ripens. 

The theory that less of the sugar in the wrinkled 
pea is converted into starch is supported by the 
welbknown hict that wrinkled peas are sweeter than 
roimd ones, and also by the fact that all the favourite 
eating peas on the market are wrinkled ones. 

. We are now in a position to give tentative answers 
to the questions : What is it tW determines round- 
ness ? and. What is it that determines wrinMedhess ? 
and .then to indicate the way in which the presence 
and absence hypothesis applies to this pair of 
characters. 

In a round pea, it would seem that all the sugar 
is converted into starch ; in a wrmkled one, only part 
of it is ; and the wrinldii^ is primarily due to the 
escape of the water from the solution of sugar left 
over after ripening; and, consequently, in the last 
resort, due to the absence of that which completes., 
(the conversion of the sugar into starch or, at any 
rate, to an insufficiency in the quantity of that 
substance, whatever it is. The round pea has the 
full dose— -to use Mr. Bateson’s phrase — of this 
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substance; the wrinkled pea* an insufficient dose. 
Something is absent from the wrinkled pea which is 
• pieSeq^to tihe>full in the round. 

It will be gathered from the above that the 
object of our inquiries is not merely to anal]rse an 
organism into its component characters and to leave 
the matter there, abut to push deeper and obtain 
some insight into the fundamental nature of these 
characters. The reader will do well to lay it to heart 
that in the case of the pair of characters, roundness 
and wrinkledness, which Mendel placed first on his 
list of the seven with which he experimented, we are 
at present only on the threshold of an investigation 
of the true nature of the characters themselves. 

The /application of the presence and absence 
hypothesis to the other pair of cotyleddn characters' 
now be considered. The two characters which 
meet the eye are yellow and green. But the matter 
is not so simple as this. Mr. Bunyard has shown 
that there is a yellow and a green pigment hath in 
the yellow and in the green cotyledon. When, both 
are present at the same time, as in the ripe but still 
moisf pen, the green masks the yellow. All peas, 
both yellow and green varieties, are green when 
they are eaten. Just as cooks think that all pea^ 
are round, so thdy think that all peas are green. 
Jt is *only gardeners who sow and harvest them 
who know the distinction between yellow and green. • 
The ri|tB but still moist cotyledops of both yellow- 
and green-seeded varieties are, therefore, green. The 
yellow kind become yellow as they ripen ; the green 
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do not change colonr duiing this process. The 
yellowing of the former is brought about by the 
gradual fading and disappearance of .the gr^ 'pig* 
ment, which thus leaves the yellow pigment (which is 
present in both kinds) exposed. The successive 
stages in the fading of the green can be easily observed. 
The simultaneous presence of both green and yellow 
pigment in yellow and in green peas hao also been 
demonstrated. 

To sum up, green-seeded varieties contain two 
pigments in tiieir colyledons, a yellow and a greei^; 
neither of them fade during the process of ripening, 
and, inasmuch as the green masks the yellow, the 
ripe seed is green. Yellow-seeded varieties also 
contain the same two pigments, but the gr^n fades 
'during the |)rocess of ripening; so that the ripe 
seed is yellow. This fading of the green pigment 
in the yellow pea is supposed to be brought about 
by the pfcsencs of some substance which is ahsemt 
from the green pea. 

It is not possible to indicate the .manner in which 
this presence and absence h3rpothesis applies to the 
remaining of the seven characters dealt 'witii by 
Mendel, except, of course, in those cases in which 
its application is obvious — ^for instance, to the colour 
of the seed-coats, which may be ^y or white. It 
would be easy to say that normality of stein wa| 
•due to the presence, and fasciation to the absence, 
of some &ctor cqntrolling the normal succession of 
nodes in the stem ; but this is doing no more than 
re-stating the problem in other terms. And until 
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an exhaustive inquiiy into tlte causes determining 
the nature of these two characters — ^normaliiy and 
> fasGia^n-chas been carried out it is absurd to attempt 
to interpret them by means of any theory whatsoever. 
With regard to tallness and dwarfness, a start has 
been made by Mr. Keeble, who has shown that tallness 
depends on twoi characters, length and (rather 
curiously) thickness of intemode ; dwarfness depends 
on the absence of both of these qualities. Peas 
which possess only one of them fall into the category 
known as half-dwarf. 

Before we leave Mendel’s seven characters it will 
be well to pay some attention to a question which 
can be most conveniently discussed here, though it 
may seSm that none of the questions so far dealt 
with in this chapter are worth discussing until dlf 
has been answered — ^and in the afiSrmative, too. The 
question is. Is there such a thing as dominance 7 
Does one character hold the stage in the first hybrid 
generation to the complete exclusion of its partner 7 
If an affirmative answer cannot be given to. these 
questions, ^what reason is there in discussing the 
caui^s determining dominance, a thing whose realily 
has not jet been established 7 But in the present 
case it is desirable to present a consistent scheme 
of the whole set Of phenomena, and then to consider 
^to wflkt extent it is justified. Let us take the first 
pair of charactens, cotyledon shape. If we contend 
ouiselveB,. as the impressionist dq|BS, with the mere 
impressioh produced on the unaided eye, the answer 
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is an unqualified afiinnatiye. A round is crossed 
with a wrinkled, and the hybrid is a rou^, indis- 
tinguishable from the pure parent round, ^ut if 
we refuse to be content with this impressionist 
aspect, and set about to find out as much as possible 
about the true nature of wrinkledness and roundness, 
both in the pure and in the hybrid rounds, we shall 
find that the matter is not by any means so simple. 

The starch grains of pure round and wrinkled 
peas have already been dealt with. Those of the 
round are elongate and entire, those of the wrinkled 
are circular and compound, the number of com- 
ponent pieces varying between 2 and 8, the comnionest 
number being 6. 

The starch grains of the cotyledons of the first 
hybrid geneiation are shown in Fig. 30. They 
constitute about as complete a blend between the 
two parental types as can be imagined. In the first 
place^the grains are intermediate in shape ; this has 
been demonstrated by measurements. They are also 
intennediate in compoundness, in two wajrs ; in what 
may be called the distribution of compoundness, some 
of the hybrid grains being compound and soinoof them 
single; and, secondly, in what may be called the 
degree of compoundness of those grains which are 
compound; the number of component pieces in the 
hybrid is intermediate between the number ih the^ 
starch grains of the wrinkled pe^ aivi entirely, as we 
may name the feature presented by the grains of 
round peas. The number of component pieces in 
those hybrid grains which are compound varies 
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between 2*and 4, and the conuponegt 
on a large number of counts, is 3. ^ 

It is 6nl7 (o the superficial obsSCvra that domi- 
nance is complete in this instance, the first character 
dealt with by Mendel. The microscope at once 
reveals the fact that the pure and hybrid rounds, 
thoi^h externally^ indistinguishable, are in fact of 
radically difierent constitutions. This fact is also 
revealed by a determination of the absorptive 
capacities of the pure parental and hybrid rounds. 
It will be remembered that the absorptive capacity 
of the wrinkled pea was stated to be about 120, and 
that of the pure round 80. The absorptive capacity 
of the hybrid roimd is almost exactl;^ intermediate 
betweem the two. 


Rattan 


The hybrid round, therefore, is seen to resemljlc^ 
the pure only in the fact of being round, and to differ 
in what must be regarded as more fundamental 
properties ; and it is probable that with further 
inquiry the number of cases in which simple domi- 
nance occurs, i.q. where the hybrid is identical with 
the dominants, will be greatly reduced. 

%e Jfollowing considerations are suggested by 
the facts set forth in this chapter. In the experi- 
mental sludy of heredity, it is not sufficient to find 
that round and smdnkled, or any other characters, 
constitute a Mendelian pair, and are inherited in 
Mendelian fashion. Some attempt must be made, 
to get behind the appearance of roundness, for 
instance, *and to find out what* roundness really 
consists in. If no such attempt is made the fact 
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that the result of a. cross between a round and a 
wrinkled is apparently a round identical with the 
round parent, but is in reality a blend between the 
round and wrinkled, is entirely missed. The vulgar 
reluctance to be clear in the mind as to the. things 
which are represented by words used has not been 
without its effect on the complexion of the Mendelian 
doctrine as expounded by the less considerable of 
its adherents. When a character has been found 
to behave in Mendelian fashion in inheritance, it 
is considered that the nature of the character and 
its mode of inheritance have been determined ; and 
that any further investigation of the matter is 
superfluous, in this way a great many instances of 
characters which apparently behave in a Mendelian 
way in inheritance have been accumulated. But 
as to the essential nature of the characteqg 
themselves we are still ignorant. It is probable 
that,, when the seven pairs of characters investigated 
by Mendel have been thoroughly worked out, the 
terms now used to designate these characters will 
have no more than the most remote application to 
them, and that, for the purpose of accurately repre- 
senting the essential nature of these characters, 
they will be wholly valueless. 

It is here that the value of a theory like the 
presence and absence hypothesis comes in. This 
fiypothesis leads to the investigation of the nature 
of the characters themselves. This is its chief 
value. If it does not do this, if it is used merely 
to restate already known facts in new terms, it is 
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useless. But if it stimulates an investigation of 
the nature of characters described as Mendelian, it 
is justified.^ . 

How far the truth of this hypothesis is home 
out by the available evidence is an entirely different 
question, which will now be discussed. There is a 
large number of jiairs of characters to which this 
theory obviously applies. There are also a number of 
oases, like cotyledon shape and colour, which this 
theory correctly describes, though the manner of 
application is not at first sight easy to see. But 
there is also a considerable number of cases which 
constitute obstacles in the way of its general appli- 
cation. For instance, there are certaSn cases where 
appare^ly the same character is dominant in one 
animal, or plant, and recessive in another, ^oi 
iftstance, the possession of horns is dominant in 
sheep, but recessive in cattle, to the hornless con- 
dition; white in pigs appears to be domini^t to 
black, but recessive to it in sheep ; and, lastly, the 
dissection of the margin of the leaf is dominant 
to the entire condition of the edge in the nettle, 
and'recesnve to it in Chdidonwm. It is doubtful 
in this last case whether the condition of entirety 
is of the same nature in the two cases; but the 
possession of horns in cattle and sheep certainly 
wooM seem to be. 

Then there iq a {urther set of cases, in which thq 
dominant character seems to consist in the absence 
of something and the recessive m the presence of 
that something. For instance, the possession of 
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five heavily pigmented, brown bands in the snail 
of the hedgerows {Hdix hortensia) is recessive to the 
pale yellow, entirely bandless condition* Again,* it 
is not, at present, easy to see how the fact, discovered 
by Mr. Bifien, that susceptibility to the attacks of 
“ rust ” in wheat is dominant to immunity from such 
attacks can be brought in line wi^h this hypothesis. 
In the case of the snails, it must be supposed that the 
possession of bands is due to the absence of some- 
thing which is present in the pale yellow snail 
and prevents them appearing. In the case of the 
wheat it must be supposed that resistance is due to 
the presence of some anti-toxin, and susceptibility 
to the presence of some substance which prevents 
the formation of the anti-toxin. With •further 
i^uquiry the scope of this hypothesis can be better 
estimated; at present its chief service is that it 
stimulates (this inquiry. 

Another point raised by this Presence and 
Absence hypothesis can be brought out by comparing 
it with Prof, de Vries’s conception of, the Mendelian 
pair. (This theory, as stated in the first chapter, 
is that specific characters blend on crossing; <but 
that varietal ones exhibit Mendelian phenomena. 
The reason for this is that the specific characters are 
new creations, isolated and without ..partners, whilst 
varietal characters are the result of the transference 
qf an already existing character from one state to 
another, as, for instance, from the patent to the 
latent, or vice versa. Thus when one organism is 
crossed with another from which it difEers in the 
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possession* of a specific character, this specific 
character meets nothing in the other organism 
corresponding ia it, and the result is a permanent 
blend. Suc^ crosses are called uniseicual. But if 
one organism is crossed with another from which 
it differs in the possession of a varietal character, the 
particular charact^ in a patent state in one organism 
meets the .same character in a latent state, in the 
other organism, and the result may or may not be 
a blend, but is invariably segregation. These crosses 
af e called bisexual, or balanced crosses, the latter of 
which is a much better term. Prof, de Vries’s theory 
of th& nature of the Mendelian pair differs from the 
presence and absence hypothesis in that, according 
to him,k*the pair consists of a character in an active 
or patent state (dominant) and the sasne characljpi^ 
in a latent state (recessive) ; whilst according to 
the other theory the dominant member of a pair of 
characters consists in the presence of some|hing 
and the recessive in the complete absence, not the 
latency, of that<something. It is premature to hold 
the scales between these two before a much greater 
body of e^dence bearing on the question is available. 
The investigation designed to furnish this evidence 
must start from a perception of an essential different 
between the two* theories ; the most important of 
^thes^ in my opinion, is the difference, according to 
the two theorie9,.b^tween the constitution of th% 
recessiveSj According to the one theory, the 
recessive is the dominant character in a latent 
state; according to the other, it is the absence of 
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Ik doniaBt (kaciiii. Now, in tie lato tlieoij 
tie leceniye ektaolei ie notling; is no 
diieienise, accoidini; to it, between tie elsence' oi 
Ualion and tie alaeioe oi giejneeB oi eeed-coat- 
a point wlicl deeeiTee eanM conddeiation. M 
one way oi attackinj; tie qneelion oi tie lehtiTe 
tntl oi tie two tleoiiee is to ind ont ii ie leeeeeiye 
memleis oi, say, Mendel’s seven claiiictois aie 
identioal, 01 ii iey do not eaol manifest someiing 
oonesponding to ieii dominant conntotpait. 
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THE OABSTINO OUT OF A BBEEDINO EZPEBIHENT WITH 
A PLANT 

I HAVE two objects in view in dealing with this 
matter: first, to render the reader familiar with 
the means which the &cts which have already 
been related have been determined, and in particular 
to g^e directions for the repetition of the actual 
crosses made by Mendel ; and, secondly, to lead up 
to an, exposition of MendeFs theory, through a 
familiarity with the germ cells thems^es, acquii;pd 
by actually handling them. 

I think it may be said that in the case uf no other 
branch of science can results of such inter^t be 
obtained at so small a cost. The experimenjjs by 
means of which the high-water mark of modem 
chemistry has been reached, such as— to take an 
instanca a); random— the determination of the pro- 
perties of radium, are so expensive that there are 
W who* can command the means to perform thepi, 
and they are practically outside the reach of the great 
mass of teachers of chemistry altogether. But in 
the case of that.ia^ch of biology which, rightly or 
wrongly, has attracted a share of interest which is 
comparable with that attract^ by radium in 
dhemistry, the case is very difierent. The obser- 
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vationB made Meadel can be repeated by any- 
one who has, or can obtain the use of, a few square 
yards of ground; the expenses in addijbion to this 
are trifling, and amount to no more than the few 
shillings which will buy the seeds and the pea-sticks. 
And anyone who has a kitchen garden, and room to 
spare in it, can contribute new results of great value 
with very little extra outlay. « 

The following directions are based on six years* 
experience in my own garden. 

It is desirable that the ground in which peas am 
to be grown should be deeply dug in the autumn 
before the spring in which the seeds are to be sown. 
My own ground was dug two spits deep, and an 
ample quantity of farmyard dung incorporated with 
the bottom abd with the top spit. If the land is at 
all clayey, it should be well limed ; but if it is coarsd, 
open and tlandy, chalk should be used instead of lime. 
During the digging a sharp eye should be kept open 
for wireworms (the lanw of the skipjack beetle); 
for if piany of these are left in the ground they will 
play havoc amongst the seedlings in the spring. It 
is well to remind those who are not himiliar 'With 
wireworms that they are very tough, and, that it 
isc therefore necessary to pull them in two, to make 
certain that they are destroyed. ' 

The first week in March is the earliest da^ at , 
which it is advisable to sow the ssed^; for even when 
seed is sown at thjs time the seedlings do pot begin 
to break through the ground until the beginning of 
April The chief enemies of the swollen seeds, before 
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the seedlings have shown ahowe ground, are mice; 
and these vermin must be destroyed once and for 
all; with a ^ stem hand. When the seedlings have 
begun to unfold tiieir leaves they are by no mfiann 
free from enemies, either above or below ground. 
But the subterranean enemies are now no longer 
mice, but wirewosms. The signs of the attack of 
one of these on a plant are unmistakable. The 
leaves of a seedling which has been making vigorous 
growth will one day be seen to flag and droop ; if 
t^e soil round the underground part of the stem is 
examined, a wireworm will in nine cases out of ten 
be fdund there. The enemies above ground are 
birds, and these are best guarded against nets 
hung loffeely over the rows on low sticks. Having now 
dealt with the enemies of the peas during their earlieiv 
stages, we may revert to the actual sowing of the 
seed * 

The seed should be sown in drills, which should be 
drawn with an ordinary hoe. Adjacent drills in 
the case of talk peas should never be closei; than 
six feet asunder. What may be gained in an increase 
in thb nun^r of plants by planting the rows closer 
will be lost in a decrease in the qualify and quantity 
of the seed produced by the plants, and in a lowering 
of the health of tbe plants themselves. I can most 
^heartUy endorse the opinions on this matter expressed 
in that most excallent of all books on gardening,* 
William Qobbett’s “English Gardener,” published 
in 1838. 

The seed should be sown between two and three 
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inolies deep in the gioand. The distance of the seeds 
apart depends on whether it is desired to produce 
as large a number of plants as possible in a given < 
space, or as large a number of seeds as possible per 
plant. the former case, it is not advisable to 
place the seeds nearer than three inches apart in the 
drill, but two rows may be sowniin one drill, three 
inches apart from each other, in such a way that a 
seed of one row is opposite an interval in the other 
row. If seeds are sown thicker than this, I find that 
there is a danger of weaker plants being fatally oveiir* 
shadowed by their better-favoured fellows, or, at any 
rate, of their being prevented from flowerihg or 
setting seed. In the case in which it is desired to 
obtain as many seeds as possible per plant, the seeds 
cmay be sowh at least nine inches apart in a single 
row in the driU. Whether, if the seeds were sown 
one foot 'apart, the plants would be able to avail 
themselves of the additional soil-space and light, 
and, bear more seeds than plants grown nine inches 
apart, I do not know. But that jdants grown nine 
inches apart set a vastly greater quantity of seed 
than plants grown three inches apart I know Sti the 
result of experiment. 

• It is desirable to cover the patch of ground, on 
which the peas are growing, with netting before the 
time when the pods have swollen to the size at%hich^ 

• they are usually gathered for th&iable. The unripe 
peas at this Stage constitute an irresistible ^mptation 
to birds, espeoiaUy to jays and hawfinches, which can 
do a great deal of damage in a very short time. And 
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I Save sometimes lost nearly half my harvest through 
not netting the peas in time. The netting is efieoted 
^ by> hanging ordinary strawberry nets over a frame- 
work consisting of stout ashen poles standing eight 
feet out of the ground, and long, slender horizontal 
ones of the same material, nailed to the tops of 
them.' Slender p^les are better than laths (which I 
have triedj for this purpose, as the nets can be slipped 
over them easily, whilst they catch on the l&ths. 
The small birds which can get through the mesh 
of a strawberry net do little, if any, harm. 

If the poles are a good eight feet out of the ground 
and 4 ;he net is not permitted to sag between the 
cross-pieces, the presence of a net do£s not interfere 
with the giving of such attention as the plants require 
during the summer. This attention is of two kin^; 
qpe which is always necessary, hoeing and weeding ; 
another which may or may not be required, cross- 
fertilisation. • , 

It is desirable that the ground immediately 
roimd the plants should be kept free of weeds the 
hand, say, once a fortni^t, and that the six feet 
between,aAiacent rows be kept free of weeds, and its 
surface broken by the hoe, especially two or three 
days aft^ heavy rain so as to prevent the surfa^ 
from caking and the water in the soil from evaporating. 
Thed)utch hoe is best for this purpose, because witii 
* this tool it is not n ecessary to walk over the part 
which has been hoe^ during the j>rocees itself. 

The cSross-fertilising can easily be done any 
one with nimble fingers,. 
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The pea canies its lepxoduddve organs in Its 
flowers ; and the brightness of the flowers is supposed 
to serve as an attraction to insects whose services are 
required to transfer the fertilising element from one 
flower to another. Whether the pea-flower ever 
required these services, I cannot say. But it is certain 
that it does not do so now ; for the pea is normally self • 
fertilised. It may be necessary to remindnthe reader 
that the reproductive organs of both sexes are present 
in one and the same flower in the pea, as in the 
majority of flowering plants. The male cells are 
contained in the nine yellow bodies, called anthers, 
borne on long, delicate stalks, inside the flower ^ the 
anther together with its stalk is called the stamen. The 
female cells are contained in the rod-like structure 
^called the ovUry, which has a curved and tufted tip 
called the pistil. It a newly but fully opened flower ol^i 
pea be pltfbked and examined, it will be found to con- 
sist pf the following parts: jE^ve green “petals” 
encu^ling the flower and appearing to be continuous 
with ^e flower stalk, called sepals s a single, erect 
petal, known as the standard ; a pair of petals, facing 
one another, more or less, the wings ; and inside the 
winj^ a single, boat-shaped, and much sl^er and 
greener structure with a projecting keel, which gives 
this part its name, the earina. Snside the carina 
are the anthers, and, surrounded by the anther^ the 
•pistil. If the flower is fuUy^jipen, the anthers 
will be ripe; that is, they will have burst and 
discharged their pollen grains. Each pollen grain 
contains a male reproductive cell. The pollen 
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appears to the naked eye as* a fine yellow dust, 
but the {ndividnal grains composing it can easily 
be been by the>aid of a small hand lens. 

If the ovary be slit by a vertical incision, it 
will appear to be — ^what, indeed, it actually is — ^the 
future pod in miniature. It is almost exactly like 
the ripe pod foil of peas ; everything is there, but 
in miniature ; the whole pod is not longer than 
one-third of an inch. Inside each of the miniature 
peas is a minute cell, the female reproductive cell, 

egg, or ovule. 

Before such an egg can develop it must unite 
with *or, in other words, be fertilised by a male 
reproductive celL In the case of a great many 
plants there are special arrangements by which the 
eggs are always fertilised by pollen fiK>m anothe» 
flewer, the pollen being transferred by the agency of 
the wind, or by that of insects. This ft what is 
known as cross-fertilisatioh. But in the pea,* and 
in many other plants as ^ell, the ovules in a parti- 
cular flower are fertilised by the pollen from the same 
flower. Tl^ is known as self-fertilisation. But the 
esseiftial •process in the two cases is the same : it is 
the unioi} of a noale with a female reproductive cell. 
In all cases of biparental reproduction, which is all 
we are conceme<i^ with in this book, both in plants 
,snd ha animals, fertilisation consists essentially in 
this union of a male- with a female reproductive cell, ' 
and until .this union has taken place the develop- 
ment of the egg into the future plant or animal 
cannot proceed. ' 
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The pea, as has'* been already stat^, is self* 
fertilised. Fertilisation occurs before t)ie flower 
has opened. The fact that a flower is open ib a 
certain sign that fertilisation has taken place. 
Fertilisation occurs in the following manner: At a 
stage in the development of the flower, shown in 
Fig. 31, i.e. long before the flower has opened, in 
&ct whilst its petals, the only one 
of which to be seen at this period 
w TMii is the folded standard, are still of 
1/ JBf a greenish colour, the anthers bu^t 

the pollen grains escape into the 
^ space enclosed between the' two 

n ' halves of the carina. In the centre 
j of this space lies the pistil^ so that 

1 it at once becomes surrounded with 

Fib. 31.— Stage in ui immense number of pollen grains. 

**^^® reproductive cells in the 
fertiiua- pollen sTfCins reach the ovules in the 
. following way. Some pollen grains 

stick, to the free end of the pistil, and each one 
of them sends out a structure, known as the pollen 
tube, which grows like a root into the tissue 6f the 
pistil and travds down it until it reaches one of 
^e ovules. This pollen tube contains the male 
reproductive cell, and when this has fused with an 
o^e, the ovule proceeds to develop. ^ 

When, therefore, it is desoed^td make a cross 
between two kin^ of peas, it is necessary^ to select a 
flower, on the plant wbidh is to funetbn as the female 
parent of such an age that the anthers have not 
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yef burst ‘in it (i.e. a little ]ipungei than the one 
shown in Fig. 31), that is to say, of such an age that 
the ovules in }t have not yet been fertilised. The 
reader is recommended to discover the external ap- 
pearance of tbe latest stage in the growth of the flower 
at which the anthers usually bursty by picking, say, 
ten stages in the development of the flower, ranging 
from a bu 4 in which the petals do not extend beyond 
the sepals, to the nearly open flower. The stage, 
in the development of the flower, at which the 
pollen is set free will be found to be much earlier 
t£an was expected. A flower, at a stage of develop- 
ment«preoe^g this, must be selected to function as 
what we may, for convenience sake, ddl the female 
parent,^ ar female flower. 

Having described the appearance of the flower^ 
sijitable to function as female parent, we can proceed 
to a description of the method by means of iwhich one 
variety may be crossed with another. A very simple 
set of implements is required for this — ( 1 ) a pair 
of fine forceps;. (2) a pair of fine scissors; (3) a 
glass tube, or wide-mouthed bottle with * cork 
stopper, .td contain methylated spirit. A hand 
lens is also a desirable addition but is not a. 
necessity.* 

Having selected the flower of the right age to 
function as female plant, the first thing is to make 
*certam that it 1 ^ not aheady fertilised itself, by . 
seeing that the anthers have not yet burst (with a 
hand lens i! available) ; the next thi^g to do is to make 
it impossible for the flower to be self-fertilised, and 
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this is done by cutting out the anthers. The reader 
urill doubtless evolve the details of his o^ method 
of procedure in carrying out cross-pollination^ For my- 
self I have found that a simple way of getting at the 
parts to be manipulated is to hold back the standard 
and wings, and to make a transverse tear right across 
one half the carina near its base, mid then bend the 
whole of the carina in front of the tear to one side, 
so that the anthers and stigma project free from the 
part of the carina, in front of the tear. The stamens 
are then easily removed by nipping them o£E with 
the forceps. The forceps should then be dipp^ 
in the spirit to sterilise them, in case the anthers 
may have beeb accidentally burst during these mani- 
pulations. 

^ ^ The flower is now ready to receive the pollen of 
the flower which is to function as male parent. Tips 
should have been selected before the female flower 
was pperated on in the manner just described, so that 
it may be at hand as soon as the female flower is 
ready. 

^e age of the flower to function as male parent 
should be older, but not much older than°tl)at which 
acted as female. The reason for this is not that an 
older flower would not contain enough pollen, but 
that it mi|^t contain too much^ 1 mean pollen 
which does not bdong to it, brought to it byobees. 

. For though the bees who visit the jpea flowers, once' 
th^ are folly open, do not eflect cross-pollination, 
because self -poUiiuition has already taken place, they 
may bring to the flower some pollen from another 
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flbwer. It is, theiefore, not Tvise to use as pollen- 
bearer a flower which has opened. 

^ Haying selected a bud of a suitable age, the plan 
I adopt is*to* pluck it from the plant on which it is 
growing, to pull ofl the sepals, the standard and the 
wings, and to snip a piece about the size of a large 
pin’s head from the extreme tip of the carina with the 
scissors. This fldwer may, for convenience, be called 
the “ mate flower.” After this operation the scissors 
should be dipped in the methylated spirit, so as to 
kill any pollen grains that may be sticking to them, 
%nd so avoid mixing them with the pollen of the next 
floT^r similarly operated on. 

The female flower should now be held between 
the thpmb and finger of the left hand, and its pistil 
thrust through the entrance in the tip of the carina 
of the “ male flower ” made by snipping off its tip, 
mto the mass of pollen which i^ just i^ide, if the 
anthers have burst. There is no ^fficulty in telling 
whether they have or not. If they have, thf pistil 
when withdrawn will be seen to be yellow with pollen ; 
if they have not, it will bear no trace of polleir; which 
mepns that too young a bud was taken; in which 
case it* must be thrown away, and an older one 
procured. 

When the pistil of the flower which is to functmn 
as female parent has been thoroughly covered with 
pollen, the part of the carina in front of the tear 
made across it! which was slipped aside to set the 
pistil and anthers free, may be put back in its natural 
position so that it encloses the pistil; the wings 
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which have been fold^ back during the manipuU^ 
tion ate allowed to revert to their natural 
position, one on either side of the cariha, ai^d 
the standard also allowed to return to the posi- 
tion natural to it in a bud of this age, shown in 
Fig. 31. 

A bud treated in this way grows, opens, and 
blossoms, then withers and dies, in exactly ^the same 
way as a bud which has not been interfered with. 
But the course of its subsequent history, as traced in 
the characters of its progeny, has been profoundly 
altered by what has been done. 

We are brought very close up against the mystery 
of heredity when the extreme narrowness of the 
channel tlurough which the characters of organisms 
have to find ^eir way between each generation is 
fdrbed upon our attention, as it is by actuaUy^ 
making a qross between, say, a tall and a dwarf. 
From the flower of a dwarf pea will grow out a pod 
contai&ing seeds all of which will be dwtof. But if 
such d flower is deprived of its stamens and its pistil 
covered with the pollen from a tall pea, all of its 
ofbpring will be tall peas. We are thus finnly h^ld, 
without any possibility of escape, and forced to 
recognise the fact that the character of the tall pea 
is ‘contained in each one of the poU^ grains, them- 
selves scarcely visible, as individual grains, to ^e 
naked eye. This is how the problem of heredity 
presents itself to the mind to-day T' How are the 
characters of the organism represented in the germ 
cells which produce it ? The solution of this problem 
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put forward by Mendel will be ^ealt with in the next 
chapter. 

^ When* the petals of the pollinated flower have been 
folded into ‘their place a label should be tied round 
the stalk of the flower by means of an 8-shaped loop, 
one half of which encircles the flower stalk, and the 
other the main stem. A number, corresponding to 
a number^ a record of all the necessary details with 
regard to the cross, should then be written on the 
label. A label bearing the same number, preceded 
by “ f. of ” (meaning “ &tber of ”), shoidd be tied 
ifl the same manner round the stalk of the flower 
which furnished the pollen with which the cross 
was made. And nothing further need be done to 
it until«the autumn when the pod is hard and dry 
(see Fig. 33 ), when the seeds can be^taken out of 
i^ and put into a packet with the number on the 
label tied round the flower in the summer, written 
on it. In order to rendei^the possibility of error as 
remote as possible, it is well to cut off the label and 
put it into the packet with the seeds. 

It is convenient to describe here a sys&m of 
keeping the records of my experiments which I have 
found to work very well I have two classes of 
numbers'from 1 onwards in each year— “ mating num- 
bers” and “sowjpg numbers.” “Mating numbers,*’ 
which are written on the labels tied round the crossed 
* flowers, and on ihose tied round the plant whioh^ 
furnished the ^Sllen, are distinguished by the year 
in which the cross is made; for 'instance, the first 
cross I shall make this year, 1911 , will be 11.1, and 
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the hundredth ll.lO^* But it is not neoessaiy^o 
write the prefix indicating the year on the labels 
themselves, because the only crosses harvested ii),a 
given year are crosses made in that year ■, this prefix 
must, however, of course be written on the packet in 
which the seeds are kept, because the packets may 
be kept for many years. “ Sowing numbers,” which 
are written on the pegs marking where peas are 
sown, are distinguished by capital letters, A standing 
for the first year of the experiment, B for the second, 
and so on. But here, as in the case of the “ mating 
number,” it is not necessary to write the prefix indicat- 
ing the year on the pegs, because all the pegs iu the 
ground in anyrgiven year relate to seeds sown in that 
year ; this prefix must, however, as in the, case of 
the mating pipfix, of course, be written on the ftackets 
ih' which the harvested seeds are kept. 

I strongly recommend anyone undertaking breed- 
ing experiments not to yse note books, but loose 
sheets of squared paper. The year, in full, should 
be written or, stUl better, stamped on one of the top 
comers of every sheet. 

With regard, now, to the harvesting of the peas. 
A plant should be pulled up, as a general rule, when 
all its pods, save the uppermost one or two, nre hard 
ahd dry. The stem should be pulle^ oS as far below 
the level of the ground as the unaided fingers^, can 
get ; it is necessary to do this because stems some- 
times branch very near the grounli, and the two 
divisions of one ffiant might easily be harvested as 
two plants if the precaution which I have advised 
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is not taken. It is not advisaj)le to dig up the whole 
root of the plant, partly because it is a superfluous 
‘tiiud inconvenient cumbrance in the subsequent deal- 
ings with the plant, and partly because the roots do 
good to the soil if left in it, by contributing to its 
humus and to its supply of nitrogen-fixing bacteria. 

All the plants related to by one peg should be 
pulled up at once and tied together near the roots 
with a coarse open twine which will not cut or break 
the stems. The piece of twine should first be tied 
round the peg (notched on either side so that the 
{wine does not slip) relating to the plants tied up. 
If these bundles consist of about ten plants, ten such 
bundles should be tied together to form a “ secondary 
bundle*’* The terms ’’ peg ” to signify a bundle of 
peas *tied up with a single peg, an^ bundle ” to 
signify a secohdaiy bundle^ just defined, have come 
into everyday use between myself and the assistant 
who helps me ^Irith harvesting. The bundles should 
be hung up so that the tops of the plants hang down- 
wards in any place where they are likely to dry, and 
are secure from the depredations of birds, 'rats or 
mice. ,llie likelihood of their drying properly 
depend partly on the dryness of the air of the shed 
or roohi they are hung in, and partly on whether they 
were ha^este^ during a drou^t or at any rate *in 
sunshine ; or in rain or damp. It is hardly necessary 
. to say that, if it can possibly be avoided, plants should 
not be hi^eifted during wet or damp weather. I 
• did thifl one year, and the tecoUection of the 
of moul jy pods, and of the 



BREEDING 


156 

destruotion of a great part of the crop by the ger- 
mination of the seeds in the pods and their subsequent 
drying, is not likely to allow me to make the same 
mistake again. 

To keep the plants secure from the attack of 
birds they must be hung up indoors. To keep them 
secure from rats and mice is a more difBicult matter. 
The plan I have found to answer this purpose is to 
suspend the bundles on stout wire stretched from 
one wall of a disused stable to the other, taking care 
that the bundles do not touch the walls or any other 
object from which rats or mice could get at 
them. 

For hanging the bundles on to the wire I have 
found a form of picture-hanger so useful that a better 
thing for the purpose could not have been invented. 
This is the brass picture-hanger which has a broad 
hook at ore end from which the picture is sus- 
pended, and is itself muled to the wall by three nails 
which pass throng three holes, one in each of the 
three subdivisions of its trifoliate base. In the use 
to which I put it, the hanger is hung the other way 
up ; it hange from the wire by the hool^ and a Isop 
from the twine suspending the bundle is passed over 
the two lateral subdivisions of its base. 

‘ If the weather is hot, the peas w*!! probably b« 
dry enough in ten days* time for the bmmessiof 
recording to be started. But it is well to give them 
time to become thorough^ dry; say h fortnight or 
three weeks. 

A word as to the patch of ground on which the 
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peas hav<6 been grown. When the last bundle has 
been takw in, it is my practice to dig and well manure 
^ ground as soon as possible, and to plant it at 
once mth vetches, to be dug in, in January, as 
a green manure. For sowing the vetch, the ground 
is left fairly rough, and shallow drills, one foot 
apart, are drawp across it; the seed is sown 
broadcast^ and the ground is then nicely raked 
over with a fine rake. If the weather has been 
favourable it should be possible to finish the har- 
^ting and get the vetches planted by the end of 
August; and, of course, the earlier they can be 
got in the better, for the more growth will they have 
made when the time comes to dig them in. Besides 
acting ns a valuable green manure, the vetches serve 
other useful ends. To a certain extent they keep 
•reeds down 1^^ smothering them; and, by keeping 
the frost out of the ground they rendew it possible 
to begin tillmg the ground at an earlier date^ the 
year. In January of this year, 1911 , a frost, which, 
had left a piece of ground, adjoining the *patoh 
in which the vetches were, so hard that it was 
impossible to work it with a spade or a fork, had not 
touched the ground in which the vetches grew. This 
was pwfectly soft and open, and the vetches wm 
dug in with the greatest ease. 

*My practice is not to use this patch again for 
peas befor^two years have elapsed. 

The t^er who wishes to repeat Maidel’s obser* 
vations will require to know the names of those 
varieties which bear the various characters dealt 
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with by Mendel I |[iTe this infonnstioh in the 
following Table:— , 


Oharader 

concerned 

Dominant 
Member 
of Pair 

Name 

Fofte^y 

Eeeeence 
Men^ 
of Pair 

Name 

Variety 

Shape of 
Cotyledon 

Bound 

Express 

Wrinkled 

LdtBUm*s Alpha 

a 

Colour of 
Cotyledon 

Ydlow 

Sangtter^t 
No. 1 

Green 

Express 

Colour of 
Seed-coat 

Grey 

Qtty Fidd 
Pea 

White 

SangdePe « 
No. 1 

Teztuie 
of Pod 

Hard 

c 

Qny Fidd 
Pea 

Soft 

Vk ' 

French Sugar 
Pea (Messrs. 
Sutton’s) 

Colour of 
“'of Pod 

C 

■ 

SangdePe 
No. 1 

a 

Ydlow 

QM eon 
Elocksherg 
(Haage und 
Schmidt, 
Erfurt, Ger- 
many) 

Distribution 
of flowers 
on stem 

Normal 

SangdePe 
No. 1 

Fasoiatcd 

Mummy Pea 
(Henry Eck- 
f^, Wem, 
Snropshife) 

Stature 

TaU 

Cairter^s 

Quite 

Content 

Dwarf 

WdUgm Hwd 


t The varieties foi which no sonzce is jfgwcified in 
this Table can be supplied by, oi obt^ed through, 
any established see^num. Some oaie must*be taken 
with the 6i^ Bidd Pea. The term ‘*grey” is 
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sometimes* used among seedsmen in so wide a sense 
as to si^pify peas with a maple seed*coat. The 
Strain which I have used were given me by Mr. 
R. H. I^cL In the case of all the pairs of characters 
excepting that relating to the distribution of flowers 
on the stem, the two varieties named differ from one 
another 09I7 in r^pect of the two characters which 
they are stated in the Table to bear. 

The simplest way of obtaining a result to illustrate 
the ratio obtained when two pairs of characters are 
involved (see Plate III.) is tp cross a yellow wrinkled 
variety with a green round one. A good yellow 
wrinkled one to use is British Queen, and a good 
' green round Express. * 

The (best way of exhibiting the results of crosses 
involving characters either of the sesd>coat or of 
tho cotyledon is to mount them in cottonwool m 
glass-topped cardboard boxes about three-quarters 
of an inch deep. Pigs. 11, 12, 21, 26 , and 27 | and 
Plates I. and III. are direct photographs from ^ci- , 
mens mounted, in this way. The method is as 
follows : Plenly of cotton wool is laid in the box ; 
half tof ^Sh of the pods is cut off at the base, and 
the peas attached to ii are gummed into the other 
half. The specimen is now lud on the cotton wool 
and the lid pui in its place and kept there witL 
seccotme. Q^e whole process requires patient and 
careful mat^pulation. 



CHAPTER XI 

hbndbl’s explanation of ms results 

ft 

In this chapter we pass from the description of fact 
as to which men with unimpaired sense of sigt 
are all agreed, to the consideration of hypothesc 
about which men whose judgment estimated by th 
usual standards is sound are widely at yarianct 
At this point, therefore, we bid farewell to the 4)roa 
daylight of obseryation, and enter the dark an 
treacherous alleys of inference. Before we tat 
this step, it 4s well to reflect on the nature of tl 
errand on which we are engaged. 

A theery commonly held as to the nature of tl 
expiation of a sequence>of eyents is that explam 
, tion consists in the discoyery of the principles unde 
lying and determining this sequence. The essem 
of this theory is that explanation consists in seeii 
below what is obseryed, and finding out l).ow«it 
worked; and this probing downwards is regardc 
as one step of a grand downward journey of eqilor 
lion, the goal of which is the discoyery' of the cans 
of all phenomena. Those who hold this theosy 
, the nature of explanation belieye that ei^downwai 
step is one stage nearer to the tmth‘'below-« day 
march nearer hoihe. * 

Now, if this yiew of the matter were the tn 

i6o 
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one it would follow that the^ deeper we probed, 
that is, the nearer we got to the underlying truth, 
'the more*closely we should agree. The very reverse 
of this is, however, the case. The further we leave 
the crust of phenomena behind, and the more we 
approach fundamentals, the more are we at variance 
with one another.^ The extent to which we agree 
with one pother is not directly, but inversely, pro- 
portional to the depth to which we probe. And 
when we reach the most fundamental questions of all, 
such as the theory of the relation between spirit 
aifd matter, so far from finding unanimity, we 
find the profoundest and widest gulf of disagree- 
^ment. • 

Truest is, that when we try to explain the things 
|which reach us through our senses, we leave the cru[}| 
indisputable phenomena behind. But we do not 
leave it behind, above us, by burrowing bOUeath it ; 
e leave it behind in the other direction by repeating 
.to the recesses of our own minds. And the fui^Jiher 
e retreat into .these recesses, the more do^ our 
explanation become an expression of our own mind, 
imd tbe lesEf relation does it bear to anything in the 
teorld outside. That is why the “deeper” we probe 
ihe more ‘violently do we disagree with one another., 
t is only so long as we stick to the crust that we 
igree. 


We may^gard the facts described by Mendel as 
stabUshe^* The theory which he* put forward to 
aq>lain them, is probably a very close approximation 
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to the true one. leni it is given here*partly for 
its general biological intoest, and partly because it 
is true up to such a point that it is possible,*!^ means' ’ 
of it^ to predict the results of aU the Ampler types 
of matii^ which the practical breeder is likely to 
want to malm. 

Li the previous chapter we were confronted with the 
fact that there must be something in the qiale repro- 
ductive cell, or germ cell, as it is called, contained 
in ' the pollen grain taken from a flower on a tall 
plant, which made the offspring of a dwarf plant 
fertilised by this pollen, de'velop into a tall plaflt. 
Mendel’s theory is that every germ cell, whether 
male or female, of a tall plant contains something 
representing the character tallness. It is not known 
^what this something is, so it does not matter what 
it is called. The term that has come into genei^ 
use is “<l8otor.”* The germ cells of tall peas are, 
therefore, said to contain the factor for tallness. 
Simflarly the germ cells of a dwarf pea contain 
the factor for dwarfness. So that„when a tall pea 
is self-fertilised, a nude germ cell containing the factor 
for tallness unites with a female germ ceU also con- 
taining the factor for tallness, and the res^t of this 
double dose of tallness in the fertilised oville is that 

c 

it develops into a taU pea. Simila^y, when a dwarf 
pea is self-fertilised a male germ cell contidning 
the factor for dwarfness unites with a female germ cell* 
also containing this htctor, with the rbsu!it that a dwarf 
pea is produced. ^ In both cases, it will be noted, two 
doses of the same hustor ate necessary for the pro- 
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duction of the character represented bj that factor 
in the genn cell 

Now, what happens when a germ cell bearing the 
factor for tallness nnites with a germ cell bearing 
the factor for dwarfness ? We know the answer to 
this question. A tall pea is produced. The fertilised 
e^ contains in thi%case, as in the others, two factors ; 
but one ia the factor for dwarfness, and the other 
that for tallness. But the latter seems to dominate 
completely over the former, and allows it no share in 
determining the stature of the plant; for the hybrid 
tafl pea which is produced is indistinguishable from 
its pure tall parent, except that it possesses the 
exceptional vigour which is characteristic of hybrids, 
and is often a little taller than its pure tall parent. It 
should be noted that the result of crossing ** female 
dyarf ” with male tall ” is the same as that of cross- 
ing “ male dwarf ” with female ttOl.” In*technioal 
parlance^ the reciprocal crosses are identical. We have 
now to consider the condition in which th^ faqjtors 
exist in the germ cells produced by the hybrid talb And 
in so doing we get to the kernel of Mendel’s theory. 
It mij^t |;|e 'expected that one kind of factor occurred 
in all the germ cells, and that this factor represented 
a mixture between tallness and dwarfness; or it. 
might be concluded from the &ct that the hybrid 
itself «ras tall that all its germ ceUs contained the 
%v)tor for ta^ess, and that the dwarf factor had 
been eliminated''altogether. Neither of these views 
were held by Mendel He supposed that half of the 
germ cells, produced by the hybrid, contained the 
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tali factor, and the other half the dwarf factor ; the 
tall factor has not been adulterated with dwarfness 
by its union with a dwarf htctor, nor the dwarf by 
the tialL The two kinds of factors occumng in equal 
numbers amongst the germ cells of the hybrid are 
as pure, in respect of the character they represent, as 
the same two factors existing iq the germ cells of 
the parental tails and dwarfis, according to<the theory. 

Assuming this to be true, what result would be 
eiq>ected to follow from the self-fertilisation of such 
a hybrid? Let us be perfectly clear, before we 
attempt to answer this question, as to what we iue 
considering. On the one hand there are all the <ovules 
in all the floorers on a plant, amounting, if the plant 
has been given plenty of room to grow, to«anything 
Jietween two^and five hundred ovules ; half of these 
ovules are supposed to contam tall foctors, and the 
reinainin§ half, diil^arf factors. On the other hand, there 
are all the poUen grains on the plant. The numbers of 
these must be immense, and I know of no estimate 
of their number in a single flower ; .nor is the matter 
of any importance for our purpose. Suffice it that 
the number of them is vast. Half of epoUen 
grains are supposed to contain tall ffictors and the 
oremainmg half dwarf ffictors. I shall speak of pollen 
grains as synonymous with the nude germ cell, to 
avoid drcumloGution. What is the result the 
fertilisation of these few hundred ovu^ by the few 
hundred pollen ^grains necessary ffir the purpose? 
Let us oondder first the ovules with thd tall factor. 
They liave an equal chance of being fertilised by a 
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pollc(a griw with a tall factoif as by a pollen grain 
with a dyrarf factor; that is to say, the following 
unions will appioziinately, equally frequent : — 

Tall factor (borne x Tall foctot (borne 
by omle) by pollen grain) 

Tall factor (borne x Dwarf factor (borne 
by ovul^ by pollen grain) 

Now let us consider the ovules with the dwarf 
factors. These again have an equal chance of being 
fertilised by a pollen grain with a tall factor as by 
one with a dwarf factor; that is, the following 
uniop will be, approximately, equally frequent : — 

Dwarf factor (borne x Tall factor* (borne 
, by ovule) by pollen grain) 

Dwarf factor (borne x Dwarf factor (borne 
by ovule) by pollen*grain) 

All the ovules have now been acccgmted for, 
and it will be seen that ^he result is four hinds of 
unions of germ cells, when these unions are classi-, 
fied according to tiiie hictors contained in the two 
germ cells uniting in each case. Moreover, these 
four*kindtf of union are, on the average, equally 
frequent. They may now be written in one list, 
wi^ thbir frequency written after them in per- 
centage 

Tall-Tdl . . . . 25 per cent. 

TalljDwaif .... 26 „ , 

DwarfSMl . . 26 „ 

Dmtf-Dwarf .... *26 „ 

These are the kinds of unions of germ cells daseified 
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according to the factors in the two cells nniting 
in each case. We have now to consider wh|it will be 
the nature of the plants which develop from these 
fertilised ovules. Let us deal, first, with the first and 
last on the list. It maj be supposed that the ToK- 
2ViS type will develop into a pure tall, and that 
the Dwarf -Dwarf will produce a diWarf, inasmuch as 
this was the theory of the reproduction ofrtalls and 
dwarfs with which we started. Anyhow, we shall 
see how this supposition fits the &cts. 

Now, with regard to the second and third types 
of union on the list. It should be remembered that 
the character written first in each pair is that borne 
ty’ the ovule; and the character written second 
that borne by the pollen grain. The TtH-JDwarf 
cpuple, therefere, was produced by pollinating a pistil 
on a tall plant with poUen from a dwarf; and the 
Dwarf -TaR couple ^by polliaating a pistil on a dwarf 
planhl^ pollen from a ta£. Now, we know that in 
the case of this character reciprocal crosses are iden* 
tical ; .that is to say, that the resolt«of both of these 
crosses is a hybrid tidl plant. We are, therefore, now 
in a position to say what will be the avera^.:result of 
the random union of a large number of ovules, 60 per 
qjBut. of which bear the factor for tallness and the 
other 60 per cent, the factor for dwarfness, with a 
similar number of pollen grains containing similar 
• hictors in the same proportions. By “random” I 
mean that germ cdls bearing a particular &otor do 
not show a preference for germ cells bearing a par- 
ticular &ctor, whether mmiUT or dissimilar. 
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TaBUB to ILLUSTBATB MBND8iI.’s EXPLANATION OF 
SjCORBGATioN IN THE 1:2:1 Baho. 

Pereetitage Nature of PlaiUs 

of into umch ihey 

wm devdop 

25 Pure Tall . 

• ^ ] Hybrid TaU 

25 Fine Dwarf 

It will at once be seen that the proportions in 
which the three kinds of plant — ^pure tall, hybrid 
tall«and pure dwarf— would be expected to occur on 
the baas of this theory is exactly that in which they 
do occur. 

I'ke fact that the theory is in per^^ accord with 
Jihe facts which it attempts to explain is not,*of 
course, proof that the theory is true ; n() one would 
invent a theory which did not fit the facts. This 
is, however, not tiie place to discuss the question 
how nearl)btme it is, for we are concerned no^ with 
Mendel’s theory as stated by him, and not with the 
questiop Vhether it is true or not, which will be 
dealt with in a later chapter. 

It was staked^ categorically, above that the fobr 
kuids of unions of germ cells occurred with equal 
frequency. The truth of this statement can bq 
tested in tBbrfollowing way : Two people each take 
a coin, atid they both toss it at the same time. This 
act is repeated, say, a thousand times, and the result 


Pereeniage 

25 

50 

25 


ovuie 


fertSieed 


TaU-TaU . 
Tall-Dwarf . 
Dwarf-Tall* . 
Dwarf-Dwarf 
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written down each time. The lestdt of any given 
pair of throws may, of course, be one of thre^ thinga ; 
head-head, head-tail, and tail-tail. And the total 
result of a thousand throws will not be very far 
from 260 head-heads, 600 head-tails, and 260 tail- 
tails. 

In this illustration the matter^ of sex has been 
left out, so that the equal frequency of the four types 
of unions of germ cells seen in the first colunm of 
the Table on p. 167 has not been illustrated. This 
can easily be done. One of the persons who tosses the 
coins may be designated the “ male,” and the other 
the “ female.” If the sex of the tosser be taken ‘into 
account and recorded, it will be found that the four 
following events will occur equally frequently.* Male 
will be denote by the symbol S, and female by 
th§ symbol $ : — n 

( • 

Head tossed bj ^ aad^Head tossed by $ 

** Head tossed by ^ and Tail tossed by $ 

, TaQ tossed by ^ and Head tossed by $ 

Tail tossed by ^ and Tail tossed* 

Before we leave this illustration of thb planner 
in which the Mendelian ratio 1 : 2 : 1 is brought about, 
a matter of great theoretical and practical importance 
n&st be dealt with. o 

This ratio 1 : 2 : 1 in the second hybrid generatbn, 
^hich is the essential and diagnostic ffiature of 
Mendelian inheritance, is brou^t atSfiut by the 
random union of fhale germ cdls (60 per'cent. of 
which contain the factor for the dominant, and 60 
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per cent, the factor for the re/lessive character) with 
female gqpa cells contaming the same factors in the 
same propo^ons. The union, be it noted, is ran- 
dom; it is what is called a chance result. And 
inasmuch as it may be— nay, must be— important 
to know, for practical or theoretical purposes, whether 
a particular ratio jmder investigation is a Mendelian 
one or n«t, a familiariiy with certain attributes of 
chance is the barest necessity to the student of 
heredity. 

. Two things may be meant by the statement that 
a thing happens by chance, according as to whether 
reference is being made to the result of a single event, 
or to the total result of a large number 6f such events ; 
accoi;^!!^, for instance, as to whether we are refer- 
ring to the result of tossing a penny or to the res^t 
•f, say, ten thousand such tosses. Nothing, of 
course, is more uncertain tiian th6 result t>f a single 
throw, yet certain features of the result of a* very 
large number of throws can be predicted with^at* 
accuracy. We are not concerned here with Ij^xe first 
signification of the statement that a thing happens 
by chappe* with the result of tossing a single penny 
once ; wd we can, therefore, proceed directly to 
’ a consideration of those features of chance whic^ 
bear on the causes which determine the Mendelian 
, ratibs. 

As a familiiiT instance of an aggregate chance result 
the result o1**tossing a penny a number of times 
may be considered. It is stated that the result of 
tossinic a penny an infinite number of times is an 



170 BREEDING 

equal number of bead! and tails, but as the truth of 
this statement can never be tested, it does nqjb concern 
us. It is also stated that the nearer the number of 
tosses approaches infinity the closer ^ be the 
approximation to equality of the number of heads 
and tails thrown. This can be ‘tested, and concerns 
ns here very deeply; but before «,we deal with dts 
siguificanw a minor feature of it, which is sometimes 
forgotten, may be pointed out. As the number of 
times a penny is tossed becomes larger and larger, 
the absolute difference between the number of heads 

r\ 

and of tails becomes larger and larger ; but, on the 
other hand, the ratio of the two approximates more 
closely to the ratio 60% : 60%. Thus at 10 throws 
there might be 6 heads and 4 tails, an absolute 
d^erence of Sb; but at 100 there might be 64 heads 
and 46 tails, an absolute difference of 8; yet the 
latter is a Siloser aj^proximation to 60 per cent, heads 
60 p«r cent, tails than the former. To sum up, the 
• essen^al feature of the aggregate result is that the 
approximation to the expected result becomes closer 
as the number of trials becomes greater. 

Now, dnce the Mendelian ratio is the ^idt of 
the union of germ cells which unite without regard 
tp the factors which they contain, that is to say, ' 
% diance, it is evident that this essential feature 
also characterise the Mendelian ratio. That is 
to say, a very close approximation to ihe 26 per 
cent, of recessives (whi^ is the ratio*^hioh can be 
tested on the largest scale) is not to be eipected in 
a small numbor such as that of the peas in a pod, or 
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the children of a human f&nily, any more than 
three heftds and three tails are to be expected when* 
ever a peimy is tossed six times. The statement 
that the receasives appear in the ratio of 26 per 
cent, to the whole second hybrid generation stands 
the erperimental test well, when it is tested on 
a large scale. In the case of the colour of the 
colyledoas in the pea, I raised a generation of 
139,817 individuals; the ratio in which the greens 
occurred was 24.88 per cent. The point I wish to 
insist on here is tiiat when small numbers of indivi* 
duals are being dealt with small deviations from the 
expdoted number do not indicate that the Men- 
delian theory does not apply to that %ase, any more 
thai;^ i close approximation is proof that it does. 
For instance, if a brown-eyed couple marry, tiie 
«&ct that their first four children are brown-eyed 
does not prove that both parents artf pure-bred 
brown. The next child might be blue-ey^, •which 
would show that both tiie parents were hybrid^ 
brown. Nor would the production by a, £rown- 
eyed woman of three brown-eyed and one blue-eyed 
chiM prove that the father was, like the mother, a 
hybrid, duplex; he might be a simplex, and the 
fitmily would, in that case, be exhibiting such w 
approximation* to 60 per cent, duplex : 60 per cent, 
sii^lex as might be expected in so small a number. 

Having dealt with this question, we may now* 
return to the Mendelian theory iteelf . 

There is a way of illustrating the result of the 
random union of the germ cdls, which is in some 
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lespects better than the tossing of coins. It is done 
with counters. Equal numbers of red aivi white 
ones are required. Only one pair of c^acters is 
being taken into consideration in the case to be 
Ulnstrated. The female germ cells, half of which 
bear the dominant member of a pair of factors 
whilst the other half bear the recessive member, are 
represented by a collection of 100 red counters (repre- 
senting the factor for the dominant character) and 
100 white (representing the factor for the recessive 
character). The male germ cells, containing simile^ 
factors in the same proportions, are represented 
by a precisely Mtnilftr collection of red and Tfhite 
counters. * 

Three columns are now ruled on a large dheet of 
paper, to receive the three kinds of couples of counters 
which can be drawn from these two collectionsja 
These thrfle kindfi are, of course, red-red, red- 
white,rand white-white. A counter is now drawn 
^t random from one collection, and another counter 
from th^ other, and the pair is placed in <the column 
prescribed for it on the paper, according as to whether 
it is red-red (BE), red-white (BW), or , white- 
white (WW). Another pair is drawn in the same 
way until, say, a hundred pairs have been placed 
on the paper. It will be found that the numbers 
of the three kinds of pairs approximate to the r^o 
<26 per cent. BB, 60 per cent. BW, 26 p« cent. WW. 

The illustrative value of this de^ce may be 
greatly increased by wiftlritig it a rule, when & red and 
a white are drawn together, to put the red on the 
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top of the white when the •pair is placed in its 
column on the paper. This is supposed to represent 
the dominance of red over white ; and if the pairs 
of countenC are placed on the paper so carefully that 
the lower counter is in each case concealed the 
conclusion derived from a superficial glance at the 
paper with the counters on it, will be that reds and 
whites qpcur in Ihe proportion of 75 per cent, and 
26 per cent, respectively. Closer inspection of these 
apparent reds will reveal the fact that, of these 
seventy-five, fifty consist of a red and of a white 
counter, and correspond to the hybrid individuals 
bearing the dominant character ; and the remaining 
tweniy-five consist of two reds, an4 correspond to 
the individuals which both bear, and breed true to, 
the*dominant character. 

This device brings home vividly to the spectator 
the reason, according to the Mendelian jjheory, why 
the recessive which apj^ars in the second hybrid 
generation, the extracted recessive as it is 'called, 
breeds as, true to the particular character* und^ 
consideration as the recessive with which the cross 
wag made. The extracted recessive breeds true for 
precisdy the same reason as the pure one does ; it 
is the ‘result of the union of like germ cells, or, to 
speak more ^y and accurately, of germ cells cOb- 
tyning factors for like characters. The factor for 
dwarfoera, for instance, contained in the ovule of a 
hybrid l^pea is identical with such a factor borne 
by a pure dwarf pea; and when two such factors 
borne by the hybrid tall unite and result in the 



BREEDING « 


I 


174 


prodnotion of a dwarl^ <jihe dwarf character is no mote 
tainted with taUness than a white counter becomes 
pink bj lying in a heap with red ones. 

The cause of the pure breeding of the 25 per 
cent, tails appearing in the second hybrid genera- 
tion, namely, the union of two germ cells containing 
similar character-factors, is also well demonstrated 
means of these counters. So,'’also, is,the fact 
t^t the remaining 50 per cent, of the tails are 
hybrids, and, moreover, that these hybrids of the 
second hybrid generation will produce a third hybrid 
generation exactly similar to that produced by the 
hylnids of the first hybrid generation, for the reason 
that the contents of the germ cdls of both these 
hybrids (of the second and first hybrid generation) 
are identical. ^ 

‘^It is furthermore plain why, according to Mendel’s, 
theory, thia segregation of characters in these pro- 
portion (should continue §s long as the seeds of 
^brid plants are sown. A %brid, whether it occurs 
in the first or the fiftieth hybrid generatiop, will pro- 
duce genn cells half of which contain the dominant, 
and the remaining half the recessive character ; and 
the generations produced by them will, consequently, 
have the same composition. But we must 'guard 
against the error of assuming that Merkel’s theory is 
true, and of then dogmatically stating, from tj^e 
standpoint of this assumed basis, that the segregation 
in these ratios will be continued for di time. If 
the theory is true they will Let us, then, turn the 
tables; and test its truth by finding out if they do. 
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The most convenient waf of lepiesenting the 
supposed causes of Menddian segregation on paper 
is to use the four-square table. Along the top of 
the table ate \mtten the two kinds of factors that 
occur in equal numbers amongst the male germ cells 
of the hybrid, namely, the tall, for which the letter 
T js written, and the dwarf, for which D is written. 
The san^ is written along the left of the table, but 
the T and D here refer to the factors in the female 
germ cells. 



Two square alongside one another are 'callej 
a row. Two squares superimposed on one *another 
are palled*a column. The T above the whole square 
relates to the column below it, and the D, to the right, 
t to the Uolumn below it. Similarly the T and D at 
the left of thq table relate to the rows to the right 
of^hem. In the square formed by the intersection 
of a rou^with a column is written the result of the 
union of the factor at the head of the column with 
the factor at the left of the r«w. This Table is 
merdy another way of stating what has already been 
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set forth on p. 166. oBnt it is introduced here to 
pave the way for the sixteen-square Table which is 
indispensable for explaining the 9 : 3 : 3 M ratio. 

There are certain general terms and formulcs 
introduced by Mr. Bateson which have come into 
general use. They may now be briefly indicated. 

The letter D is used to signify the dominant 
character, and R the recessive, ‘and coi^quently 
the hybrid is spoken of as DR, the pure dominant 
as DD, and the recessive as RR. It will be noted 
that the single letters D and R are stated to signify 
characters, whilst the organisms bearing thrae 
characters are represented by two flgures, DR, JDD, 
RR, etc. This latter fact is an expression of a part 
of the Mendelian theory according to wljjch the 
organism is a double structure. Indeed, it may 
almost be said' that this is not a theory but a fact. 
Every organism with which we are concerned in this 
book is formed by the union of two germ cells. And 
the i^plest evidence of t^s duplicity is that the 
number of chromosomes in the cells of an animal 
or plant is twice that of the number in each of the 
two germ cells which united to produce it.« ^ 

A sii^;le word for a germ cell is wanted. T^ is 
supplied in gamete.* A more urgent need is a single , 
word for the result of the union of two gametes, the 
animal or plant into which it develop. For 
the word zygote\ has been coined. 

In the illustration above, the single counter 

* Ilram%lie Cbadc yS/titi, auay. 
t From the Greek (vy6¥t a yoke. 
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represented the gamete, and»the pair the zygote. 
The single letters at the top of the four-square Table 
representhd gametes, and the pairs in the squares 
zygotes. • 

This Table may now be written in a generalised 
form in which D and B represent dominant and 
req^ssive characters in general Thus 


B 


B 


DD 

DB 

BD 

BB 


Another form of such a Table, in which thg capital 
and small sizes of the safhe letter are used instead of 
D and B to represent the dominant and recessiYe*^ 
characters of a pair, should be referred to here, because 
it is neceqpary to use this form of notation in the 
general 4orm of the sixteen-square Table, which is 
used to. represent the onion of gametes of hybrids 
between forms difEering in respect of two pairs 0 ^ 
charactns. TSis form of the Table is given on the 
ne^ page. 

An inqieetion of this Table, or a casting back of 
the memory to the counters, will ];pveal the fact that 
there are two kinds of zygotes. One is tiie result 

M 
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of the union of gametes bearing tmUar character* 
htotors, and is called a homozygote, the adjectival 
form of which is homozygow : of this therd are two 
kinds, DD and BR. l^e other kind of zygote, is 

$ gBmetes 
A a 

1 ^ 

I 

Of 


the result of the union of gametes bearing dissimilar 
characteT'factors, and is called a h6liarozygGte^''-^o 
adjectival fom of which is heterozygoue : of this 
there is oi^ly kind, DR. ' 

Tle*hetero:i 7 gote may tither bear the character 
..of its dominant parent, a^in stature in peas; or it 
may * possess a character peculiar to itself and 
insepafable from the heterozygous conation, as in 
the case of the Andalusian fowl In such a case 

o 

it is usdess to attempt to fix the hybrid character. 
A similar case amongst cattle is red-roan, which is^ 
*a heterozygote between red and white. 

It now remains to consider the results of the, 
difierent ^^pes of matings which may be boade 
between the three types of lygotes, DD,^ DR, and 
RR. It is hardly necessary to point out how impor- 
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tant a fingex-end familiarity with such results is, 
both to student of heredity and to the prao- 
tioal breeds. It will be convenient, firsl^ to display 
them in tabular form, so as to obtain a general view 
of them, and to see which have already been dealt 
with, and which remain to be considered. 




The first four of th^ types of mating Jiave 
already been considered, wfo. 1 represents the txue-< 
breeding of^pure dominants, according to the* fol- 
lowing scheme : — 

^ gametes 
D D 
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No. 2 reptesents the ^me-bieeding of pare lecessives, 
aocoiding to a piedselj analogous scheme, in urhich 
B is substituted for D. No. 3 represents the cross- 
ing of DD with BB, according to this scheme : — 


(J gametes ^ gametes 

D D B B 


O 



o 


and No. 4 r^resents the mating together of*{hese 
hybrids, which has abeady been represented in tl)^ 
scheme on p. 177. Nos. 6 and 6 have not yet been 
deab> ^th, and ate very important for more reasons 
than one. / 

One feature which these two jtyp^s of mating 
possess in common is so simple that even when it 
is noticed at all. it is usually passed dver with a 
few words. Yet this feature has, in my opinion, a 
very important bearing. Although these tVo lypea 
" of mating are usually contidered las!t> as a not very 


important corollary to the Mendelian theory, ^hey 
possess this feature in common, that of^Jl t^"^ 


matings* in the above Table, in which the forms mated 
differ from one Smother (Le. in all except 1 and 2) 


they ate the only two in which the two parental 
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fonns are reproduced in the n^ generation in equal 
numbers.* In No. 3, one parental form, the recessiye, 
is not reproduced at alL In No. 4, where the two 
parents, the* hybrids, are similar, they only account 
for a half of the next generation, the remaining half 
being made up of the grand-parental dominants and 
rectesiyes in equal,numbers. 

This extremely simple feature of matings. Nos. 6 
and 6, is also characteristic of the inheritance of 
sexual characters ; the result of the union of a male 
w^h a female is the production of equal numbers 
of males and females on the ayerage. And this fact, 
which the founders of the Mendelian theory haye, 
until recently, neglected, has become the corner-stone 
of^e fflenddian theory of the inheritance of sex, 
and will also, in my opinion, play a uery importty^t 
part in elucidating the origin of ^e Mendelian mode 
of inheritance. * * 

These two types of ^ting may now 8e idealt 
with separately. No. 6 m represented on the four-* 
square Table as*follows : — 


gametes 
D B 





i 82 breeding 

This type of matmg is not one of any piactioal 
value, but its existence should be bomeoin mind, 
because superficially the results of it are indistin- 
guishable from the result of mating dominants 
(DD ahd DD) in those oases in which the character 
of the hybrid is the same as that of the dominant ; 
and if this &ct is not borne in mind the false don- 
dusion might be drawn from the results of breeding 
that a dominant character had become fixed when 
it reaUy had not. Take, for instance, the duplex 
eye in man ; the result of mating a hybrid duplex 
with a pure one is, as &r as we can see from the 
immediate result of the mating, the same as that of 
mating two pores, namdy, the production of nothing 
but duplexes; the fact that half of them af^ h^mv- 
sygous, or hybrid, and half homozygous, or pure, 
can only be determined by subsequent breeding. And 
so long d} DB iS mated with DD, and for however 
many generations, the apparent result will be the 
same as mating DD witK DD. What, then, it may 
be as^, does it matter whether DD ic mated with 
DB or with DD, if the result is the same ? The 
answer is that it does not matter provided, tl&t the 
union of DBxDD can be ensured, but as^this is a 
laborious matter (involving as it does the testing 
of both forms before they are mated) the union 
DB X DB is sure to occur sooner or later ; and^tl^ 
the fat is in the fire, and a quarto of thef^nerati(^ 
produced consists of recessives. 

Mating of ty^ No. 6 is represented ih the four- 
square Table on the next page. 
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B 




• This type of mating is of great practical value 
because it is the one by means of which the question 
whAher an animal or plant bearing the dominant 
charactei is heterozygous or homologous can be 
igpst 8aqieditiously decided. This question could, 
it is true, be answered by mating* the individual 
4 n question with another hybrid, if a hybrid of the 
first generation were at hand (a l^brid o^the second 
generation can only be ^own to be such testing 
it, and that is what we ^ trying to do) ; and even 
if this were available an inconveniently large, number 
of offspring would have to be produced before there 
wei% sufSdent grounds (derived from this test) for 
believijig that the individual tested was not a hybrid. 
Directly a recessive is produced by mating a par- 
ticular individual, which may be called A for brevity, 
pAh a hybrid, it is certain that A is a hybrid ; but 
the* pr^uction of a family of six containing no 
recessives does not by any means prove that A is 
a domii&nt; the next child m4;ht be a recessive. 
But the probability of A being a domizumt becomes 
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less and less as the sue of a family containing no 
recessive increases. « 

By far the most convenient way, as stated at 
the beginning of the last paragraph, of testing the 
^gotic (xmstitntion (that is, of determining whether 
it is hetero^gous or homoi^gons) of an individual 
bearing the dominant character isb to mate it with 
a recessive. There are two advantages of this over 
any other way ; the first and most practically impor- 
tant is that an individual bearing the recessive 
character can only be one thing, BB, in contra- 
distinction to one bearing the dominant character, 
which can, of course, be DD or DB; so that^ the 
recessive can be used at once, without any pre- 
liminary time-wasting testing which is neceS8ar3^.to 
del^nmine thee constitution of an individual Wr- 
ing the dominant character. The recessive weafiS^ 
its gametidconstitfttion on its sleeve, and no further 
credentials are required, ^e second advantage of 
tbsting by wiating with a recessive is that the result 
of a hybrid with a recessive is theoproduction 

of twice as many recessives as are produced by the 
union of two hybrids, 60 per cent, as against 28 per 
cent. ; and consequently twice as great a likelihood 
of the form tested throwing a recessive, if it is a' 
hybrid, as there would be if it weremmted with a 
hybrid. 

My hybrid mice of the first hybrid gWratioiT^ 
were mated with dbinos, not to test their hybridity, 
for that was obvioWy not in question, but to test 
the truth of the statement that hybrids mated with 
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recessiyes produced hybrids and recessives in equal 
numbeis.* The actual numbers produced by mating 
hybrids an^ albinos were 378 hybrids and 368 albinos, 
liie following list of families, which were the first 
ten raised, will give some idea of the distribution of 
recessives over the families. The largest family in 
the whole experiment in which no recessives occurred 
was one*which consisted of six hybrids. 












CHAPTER Xn 


0 


THB ANTSOBDEirrS AND FATS °OF MBNDJBL’S 
^ DISCOVEBT 

■/ 

It may not be without interest to consider here how 
it came about that Mendel’s discovery, made jn 
1886, remained unknown until 1900, and to empha* 
sise the fact that what constitutes a great discdVery 
is not the mere unfolding of a sequence of events 
before the eyes of an observer, but the appfeciatijon 
of tbe signidcaace, or perhaps the invention of a sig< 
nificance, or the reading of a meaning into, this 
sequence by the observer. 

Tft deal first with the ^tet question. The prob* 
iem of heredity, le. the quj^tion how the resemblance 
betweeqi one generation and the neztois brought 
about, as it presented itself to biologists interested 
in the matter at the time when Mendel worked^ was 
to determine how the characters of the pa^t got 
into the germ-cells which produced the next genera' 
tion. It was natural that the problem should pre* 
sent itself in this way ; that the inquirer shodd 
with the grown parent, and wonder how its charac- 
ters could be compressed into the minute germ, sub- 
sequently to emef^e and expand and deWop into 
the next generation. For, compared with the grown 


xM 
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body of the parent, the germ was a recent dis- 
Noovety.* It was natural, therefore, that the fixed 
starting-point in the inquirer’s mind should be 
the body, and that the problem of heredity should 
present itself to him as the task of finding out how 
its characters could get into the germ-cells which (so 
He had recently* discovered) it produced, and which 
give rUb to tiie next generation.. 

There can be no doubt that that was the way 
in which the problem presented itself to Darwin’s 
mind. His theory of Pangenesis is an answer to 
the question. How do the characters of the parent 
gei into the germ-cells which it produces? He 
imagined that this was brought about by every cell 
of thi body giving off a particle which somehow 
reached the germ-cells, so that eaeh germ-celljoon- 
Gained a representative particle from every cell of 
the body which housed it. This theory wftuld account 
not only for the infferitance of so-caUed* inborn 
clu^acters, but also f0( so-called acquired, ondt;, 
because if% dc^ had its tail cut off, the ^ would not 
be represented in the germ-cells of the dog unless 
the* particles had left the tail before it had been 
amputated. Pangenesis died, not because Galton’s 
experiments designed to test it had a negatiyg_ 
result, but because Weismann’s writings effected a 
l^s^ving^ round of biological opinion, through 180 
d^rees, to a statement of the problem of heredity* 
which was the diametric oppgsite to that which 
had prevailed hitherto. The dbctrine preached by 
Weismann was that to start with the body and inquire 
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how its chaiacteis got into the germ was to view the 
sequence from the wrong end ; the proper starting- 
point was the germ, and the real question was not 
“How do the characters of the organism get into 
the germ-cells whuA produces ? ” but “ How are the 
characters of an organism represented in the germ 
cell tsAtch produces it?” Or, as Samuel Butler has 
it, the proper statement of the relation between suc- 
cessive generations is not to sa 7 that a hen pro- 
duces another hen through the medium of an egg; 

. but to say that a hen is merely an egg’s way of prQ>- 
ducing another egg. According to Weismann, the 
problem how the characters of the body get &to 
the germ-cells Vhich it encloses is as unreal as the 
problem which puszled one of our kings — ^hdw does 
the «pple get in^ the dumpling ? The answer in both 
cases is the same. The apple does not get into th4i^ 
dumpling^ *The characters of the parent do not get 
into tlfe germ-cells which ttly enclose. The apple 
c and the germ-cells were th^ first. The germ-cells 
are merely part of an unbroken line bf gtom plasm 
which under certain circumstances, usually ^e fusion 
of two of its constituent germ-cells, froths up 'land 
produces a great excrescence, the body of thp next 
^.^^ijeneration, and continues its existence in this body. * 
The germ plasm, according to this view,*°is immortal ; 
the excrescence, the body, is mortal. The germ plabi^ 
only comes to an end along a particular line when 
the body containing it dies without leaving ofbpting. 
The animal does n^ as it appears to do, give rise to 
gieim-cells when it reaches maturity ; the germ-cells 
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are not farmed afresh bj dach generation. When 
the jerljlised egg divides, some cells ate at once set 
apart to become the germ-cells of the organism into 
which this* fertilised egg develops. It is the body 
which is formed afresh at each generation : the germ 
plasm has existed since the dawn of life. The 
reader will, of course, understand that this is not 
a stateinent of* fact, but a presentation of the 
Weismannian doctrine. 

The relation between Mendelian theory and this 
doctrine may be considered from two points of view. 

the first place, a general acceptance of Weismahn’s 
way of stating the problem of heredity was neces- 
sary before the significance of Men^pl’s observation 
could be understood. In the second place, Mendel’s 
discovery was a confirmation and amplification of 
^eismaim’s thesis. 

These two points will be dealt witl^ separately. 
The publication of Meydel’s paper in 1865 was the 
throwing of pearls before swine. The problem pf 
heredity, ijj presented itself to those whn were 
interested in the matter at that time, was, m I have 
alr^y stated, to explain how the characters of an 
organism got into the germ-cells which it produced. 


^ To Mftndel, on the other hand, the problem was so 
obviously th^ converse of this — ^namely, the questiolr 


haw the characters of an organism are represent^^ 
th^ germ-cells which produce it, tha^e 
stop to discuss the matter. Mei^Mtl^p 
this was the correct statemMtff^&^iFol^^ 
he made no defence of it, ana«oce%^^a1li 0 ^^ . 
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aooount for his results 8n the assumption of its cor- 
rectness. He knew it so well that he did not know 
he knew it. But those who read Mendel’s papers 
were still labouring to find out how the characters of 
an organism got into the germ-cells which it pro- 
duced. The result was that no point was seen in 
Mendel’s theory, and it quiddy lapsed into the oblivion 
from which it was not rescued till fbOO. „ 

It is not as if Mendel were out of touch with the 
recognised representatives of biological orthodo^gr. 
He was in Cbrrespondence with Carl Nageli, to whose 
criticisms Charles Darwin paid more attention thah 
to those of any other of his critics. This correspond^e 
has been published by Ftoi Correns. It includes a 
patient attempt, by Mendel to make clear tOcNageli 
those points which the latter had not understood in 
Mein’s paper.' Not only did he do this; he alsq^ 
sent packets of peas resulting from his experiments 
to Nagel^ in the assurance, that if Ee (Nageli) grew 
them he, could not fiul to perceive the significance 
of the'rraults which he (M&del) had pbtamed. But 
so deeply was Nageli imbued with His view of heredity 
that Mendel’s esqtlanations, and his seeds as well, ^ere 
as water on a duck’s back. ‘‘These” says Mr. 
Bateson,* referring to Mendel’s letters and 1^ illus-^ 
^tive specimens, “ must have utterly failed to arouse 
his (Nageli’s) interest, for when in 1884, the year 
c. of Akndel’s ^th, he published his great treatise 
heredi^, no reference was made to Mendd or his 
work. That this n^ileet vros due to want.of com- 

* •^Ifiendd’s PrindplM of HMitj/’ p. 00. 
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.prehension is evident from* a passage where he 
describes an experiment or observation on cats 
which, as it happens, gave a simple Mendelian result. 
The Angoraehatacier (recessive) disappeared in a cross 
with a certain common cat whose hair character is, 
as we now know, dominant. The o^hreds were 
m|ted together, and the Angora character reappeared 
in one mdividuaP among a litter of common cats. 
This tTpicallj Mendelian &ct was thus actually 
under Nageli’s own observation, but from the dis* 
cussion which he devotes to the occurrence it is clear 
that Mendel’s work must have wholly passed from 
his memory, having probably been dismissed as some- 
thing too fanciful for serious consideration.” 

Men^^’s theory could not be grafted on to con- 
temporary biological opinion: the cross was too 
wide, to boitow Butler’s simile. But, Rafted on to^e 
l^ological opinion prepared by Weispoann, i^ flourished 
like a gree&vbay tiree ; ai^ its immense value was at 
once recognised. 

To regard, now, the iJhlation between Mendel’s 
and Weismann’s* work from the second-mehtioned 
point jof view.* In the first place, Mendel’s results 
support Weismann’s doctrine, because the only theory 
which can as yet account for these results leaves the 
dharaoters of the soma or body entirely out of account 
and^relates solely to the contents of the germ cells 
vduch produce ^e generation whose character has 
to be explained. On no other theory but Weis- 
mann’s \^uld an extracted greeif pea of the fifth 

Seoond pamgnph oa p. 189. 
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hybrid geneiarion be Identical in appearance and in 
its bleeding properties with a green of a pure strain. 
Tet these two are identical, as will be shoW on p. 
236 . Both Mendel’s and Weismann’s are.’* germinal ” 
theories of inheritance. Mendel’s a particular, and 
Weismann’s a general one, on the basis of which 
Mendel’s is erected. And Weismann’s genial 
doctrine receives strong support from the fact 
that the predictions based on Mendel’s theory are 
fulfilled. 

Mendelian inquiry does more than afford evi< 
dence of the timth of Weismaim’s general theory ;* it 
fills in the details of the general theory of herj^dit; 
outlined in cl|arcoal by Weismann. As has alreadj 
been said, Wei|mann was the first to point put that 
the problem of heredity was to find out how tiu 
oh&racters of4n organism were represented in t^t 
germ-cellsbwhich produced it. Weismaim showed wha* 
the question was. Mendelivi inquiry Is siewly build 
ing np|^ answer to it. And already, in the ter 
yeanf which have elapsedf^since Mendel’s papers wer 
discovered, a rich store of information relating t* 
the maimer in which characters are repiesenj^d i: 
the genU'Cells has been accumulated. I have en 
deavoured thus briefly to indicate what I conceiv 
to be the reel nature of the respective ^puts played b| 
Mendel and Weismann in building up our mq^on 
conception of heredity, because it is often c5t^ 
plained that credit which is due to Mendel is 'give 
to Wdsmann, anff that ideas which are described a 
M^delian were really introduced by Weismann. 
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^ will proceed now to a short description of a 
h 7 bridis%tion experiment identical with one of Men- 
del’s which was begun in 1820, the year of Mendel’s 
birth. The* work was done by John Gk>B8 in the 
garden shown in Fig. 34, in the village of Hather- 
leigh, in Devonshire, which is eight miles from the 
northern border of Dartmoor. The results of the 
e^rimvrt were 'published in the “Horticultural 
Transactions” in 1822, in a paper which is repro- 
duced on pp. 199-202. 

As will be seen from his third paragraph, he pro- 
CMded as directed in Chapter X., except that he 
applied the pollen (of the dwarf pea) on the following 
day. He obtained three pods of hybri^ seed. In the 
sentencf begionii^ “ In the following spring . . . 
tile phenomenon of dominance is described, and in 
^e next sratence the phenomenon <of segregation. 
But Qoss went farther than this.. Not cgily did he 
witness thiP(ll!enomenon«)f dominance and oi segrega- 
tion; he also observed the true-breedinA of r%- 
cessives. “^Last spring I ^parated all the mue peas 
from the white, and sowed each cobur in separate 
rowB^ and I now find that ^ Hue prodvce only 
Uue. . . .”t 

But, as the words which follow show, Qoss biled 
^ discover tl^t some of the pbnts bore only yellow 
seeds, and some both yellow and green. The reason 
lor tiuB, I have littb doubt, is that Goss did not 

* Bottom of p. 199. • 

t In the' ooloun of peae <*blTie*’ is synftnymoas with green. an4 

**wMte** with green. 

N 
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record bis plants se^atdj, plant by plants altcn 
they bad been pulled up and dried ; bat ^looked at 
a pod here and there as t&ey stood in the ground, or 
shelled the whole lot from ^e dried bundles without 
Mgard to the individuality of the plants from which 
the seeds came. 

That Qoss did not examine the plants separately 
after they had been palled up ih evident, from the 
fact that he never speaks of plants, but only of pods ; 
that when he does deal with things separately, as in 
the case of the green and yellow seeds of the second 
hybrid generation, he says so. This conclusioif is 
also supported by the fact that Gbss was not s^pking 
for an interpretation of the phenomenon he was 
dealing with, hut was trying to raise a new ^getaUe. 
“JAs edible qwdUies of this pea I hove not tried, 
hosing but fetd, * ’ ^ 

How |t came, about that Goss, with the pheno 
mena r^y to his hand, failed to ihake'^fte discovery 
^whidh M now associated' with Mendel’s name is a 
questuin which natiiraUy*^resents itself. In the first 
place. It is, of course, more true in Gk>ss’s case than it 
it is in Ikndel’s that biological opinion was not,resdj 
to recmve a theory such as hkndel’s, which lies on th( 
surface of properly recorded results of such an experi 
ment as Goss made. If Mendel failed to graft idr 
theory on to current biological theory, such ar 
attempt made by Goss would have been doomed tc 
hulure from the outset. Nevertheless Mendei die 
what Goss did nof{ do ; he extracted something froir 
or projected something into his observations whid: 




%FIG. 3-^ -JOHN GOSS'^ G ARDEN ; .WHERE HE MADE HIS CROSSES IN 1820 
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tj ^otjg h at the tiilra it fell on* deaf eara, was at once 
leoogni^ as of immense value when it was again 
brought forth and exhibited before a generation of 
biologists which had been prepared by Weismann. 
Why did Goss fail to do this ? The answer is mani- 
fold. In the first place, he was not seeking for an 
^riterpretation of his results. And, in the case of 
interpretations, he who does not seek will not find; 
he may not find what he is seeking ; but if he does 
not seek at aU he will find nothing at all. Another 
reason why Goss failed to make Mendel’s discovery 
is* ^t he did not record the proportion in which his 
types recurred in the second hybrid generation. But 
this is scarcely remarkable in view of the &ot that 
not only did he not know that it was a second hybrid 
generation : he did not know that it was a genera- 
^ijpn. He says (last paragraph, p.*fi00): ’‘Sltould 
this new variety of pea neither pqpsess superior merit 
n^ be singular ^in its bicoloured, ^oduce 

...” From this it is evident that he merfectly 
naturally regarded the coloured parts of me*see^ 
borne by a pea plant as its fruit, and did ndt know, 
whathewuld not be expected to know, that they 
were fEe cotyledons of the next generation. The 
recording of the numbers was an- essential preliminary 
\o the suggei^on of the theory put forward by Men- 
del; and in my opinion the great future advances in 
thk line of work will be made by paying close atten- 
tion to numerical ratios, and testing them with statis- 
tical fonnuln. Another reason wlty Goss fiuled where 
Mendel succeeded, is that he did not record the o5- 
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spring of each plant separately, iknd the reaso|^i(t» 
this was, as before, that he did not know ^t “ the 
seeds were the o&pring of a plant. Mendel, who 
of course knew this, laid the fonndations of the 
modem analytioal method in the investigation of 
heredity, because he perceived the importance of 
tracing the offspring of each individual separatsl^ 
and of keeping the records of an ^eriment in>?uch 
a way that the ancestry and progeny of every indivi> 
dual concerned may be looked up from them. Much 
has been talked of the essential antagonism between 
those methods which deal with individuals in the 
mass and the Mendelian or analytical method. But 
I have been upable to find that any such antagonism 
exists. The analytical method is the only one by 
which heredita^ processes can be unravelled ; whilst 
the' significance of the numerical results of thec» 
analytical, experiments can only be estimated by 
statistical formuUe. Both methods'%ppe.«; to me to 
,be indkpensable. 

Qoss failed where Mendel succeeded. But the 
lessons' of failure are not less illuminating than those 
of success, and the lives of those who fail nQt less 
valuable or interesting than the lives of tnose who 
succeed. Be this as it may, I was unable to resist 
the temptation to satisfy my curiosity as to the Ih^ 
of a man who, at any rate, spent part of his time in 
work which has occupied much of my own. I 
owe the following facts and the photograph of Goss’s 
garden to the kindness of the Bev. J. W. Banks, 
vicar of Hatherleigh, Devonshire. 
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Iblm Qoss was bom in Hatherleigh and baptized 
on Jnne* 27, 1787. Hie is next heard of as a lad 
who deaned boots and did other odd jobs in the 
Bectorj at Iddesleigh, where the Rector took a niim* 
her of pupils. One of these became interested in 
Goss and hdped to educate him with a view to his 
t ei^eting- the Ohi^fch. But Goss had "scraples,** 
'*andfhe became an usher in a school. He was an 
active and inventive man. He made an orrery, i.e. 
a model of the solar system, a reading-book for 
teaching the aged poor to read, and a calculating 
machine. What a pity he did not conduct his 
hybridisation experiments on so large a scale that 
the services of this machine were requwed ! 

At the age of 26 he married, under romantic 
clrcumstanc;ps. A lady came one ^ay to Hather- 
lel^h to visit an old servant, and created a sehsa- 
tkg^in this q]j[t-pf-the-way village by driving up 
to her dowlSa a post-chdige. On getting oui^f her 
carriage she stombled and would have Mei^jbut fox 
the timely intervention of a* young man, who ^pped 
forward an d sav ed her. was John Gow. He 
was S tent J Pr to be thanked for his services. They 
were married on March 6th, 1813. His wife was 
^enty-nine years older than he was. At their 
marriage he \|as 26, and she was 66. It was during 
his*marxied life that he made the crosses with peas 
(in 18^0) and sent his note of them to the Royal 
Horticnltuzal Society (1822). It may be that the 
carrying out of this experiment was made possible 
Ity a leisure which he owed to his wife. He speaks of 
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** living retired ” in the oountzy. It seons thaHdS^ 
horticnltoral work was successful, for he ^received 
a prize (purse with gold) for his work from a hor* 
ticultural society. His wife died, ag^ 66, on 
January 19th, 1823, and he went to live at Oke* 
hampton, where he died on May 31, 1833, at ^ 
age of 46, leaving his money to establish libraries uf* 
Hatherleigh and Okehampton. 

There is a sentence,* part of which has already 
been quoted, in (loss’s letter to the Horticultoral 
Society which possesses a curiously prophetic sig> 
nificance : Should this new variety of pea neither 
possess superior merit nor be deemed m'TignIftfr in 
its bicoloured produce, yet there is, I conceive, some- 
thing in its history that will emit a ray of 'physio- 
logi(^ light . Little can he have guessed how 
bright a ray would be emitted by this singular pdfip 
with its bh»loured produce. 

( 

Last paiagrapii of p. 200. 


The exception to the dominanoe of yellow over ^^^iiilated 
in the ‘^Note by the Seoretaiy” on p. 201 ie appamt only. 
Mr. Bateaon has discovered that the Impedal have a thi^ 
green seed-coof , which prevent the cotyledons of the first hybnd ' 
geneiation being seen. Messrs. Sutton’s Kin^ Bdwaird has a 
iiiTniTaT opaque green seejl-coati which prevents the colour of the 
enblosed cotyledons from being seen. 
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'^KXVII. On iht Variation in the Colour of Peas, oceamned 
nmiy Cttmlmpngfut^on. Ina Letter to the Secretary. By 
Mr. John Gobs. 

Read October l«i^ 1822. 

, Sin, 

La vtiro retired m the eonntry, and having a taste for g8^ 
dfoiing, I have beoi for some years past endeavouring to raise 
new varieties of vegetables. ‘ A gentleman i^ the no^iboiu^ 
hood, Bering some of the fiuits of my labours, put into my 
‘ hands the ZVmMoetiow of your Society : this was like the 
•rising sun after the dawn, and I waa enaU&lto ace, not only 
how to do my work better, but that some thingi whidi oc- 
'^Vft!pied«iity...jiiU9itita had ftf others £een ah^y accom* 
phshed. • 

I have raised some new v^rieSet <fPeat, and ^ of * 

"uthese qipears to be at least a smgttlar production, an4 dndiQg 
vcty little on tto subject in your volnmea, I am tempted to 
^ ycgy hesmiption of it, accwnpanied with a ^w ribae^ 
vations. 

In the summer ofl820, 1 deprived some Momoms of the 
Prolix AIk* of their stairina, and the next iay applied the 
fdlen of a riletlf cod of whidi hn^esoftion I dbtrined 
three pods of seeds.* In the folhnring spring, when these 

* ItntBatbMaabbtoMMdnjriiheiriBii^tlieiitaMtqrwIikitdwtM 
l»Ntt ^ m oHdr IBMWB ty indM tad iMmmt to I 
A* Pnm PW,«IMi«Mth(CnBibptNaicr^tlwiinr«iM^,iidM£h« 

mMin, ltd Iht davf Pm vUcb tn> to atk pmB4 At 
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Facsimile from ikt HordcuHural Sockty's ThmsacHons. 

Far»eiMbiit» iAe Colour of Cioaslmpi^gp^^ 285 

openedf in order to sow the seed, I found, to nqr great 
surprise that the colour of the Pea^ instead of being adeep 
Uve, like their female parent, was of a yettomitk te&tfe, like^ 
the male. Towards the end of the summer I was equalj^ 
surprised to find that these white seeds had product some 
pods with all blue, some with all whiter and many both 
blue and white Peas in the same pod. 

Last spring, I sepazated all the blue Peas ftom the whiter 
and sowed each oolimr in separate rows; and*I now find that 
the blue prodnce only Aue^uiiile the white seeds yield soiQe 
pods with all white, and some with both blue and white Peas 

i ntA r m iyAil- * 

Theedible qaaKlus of tibb Pea I lum not tded. haviogbut 
&ir.c ItgvowBtwowtwofeetandahalfhq^andattainfl mar 
tority abont the nme time whli its bine paient, it much 

t c a om ble^ ahd mrfhldfc a lai^, deep green aorn 

peiior .tr *an 7 1 have aeen. It* aeems to require a greater 
dqithaiid ridmeaa of ami than other aortas or than 1 have 
given it.* ' • B 

Shouldt tliia new variety of Pea neither poaaeaa anperior 
merit, nor be deemed aingnlar in ita bi-ooloui6d‘]^NiA|iee^ jnt 
there ia» I eoneeive. in ila Uatoiy that wu CBbt a 

ray of plgwadlfl^aJ light, or at leaat militate againat an ojumon. 
ii.W BIr. SAuanuBT, who^ in Ua remailBi on the anomdy 
of riw Peach and Neetarinea growing on the tame brandy 
aqra,* ** I haro not a doubt of the important oanaeqnep c et" 
whidi enane^ when the atigma of mie plant hnbibea poUen. . 

to another, but the8e<,aw only manift it ed in the 
tuecte irng generaUim^* 

* BenieoitnilSodiq!liiyniMeli^ToLI.pf.lOa. 
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236 Variaiian in Ae Colour of Cross Impregnated Peas. 


That Ais is incoitect, is not here determined by a more 
able physiolognt'' but by the above statement— by the above 
^hu!t ; for the effisct was strikingly evident in the seed, which 
HSfipchagged by the Impregnation from a deep blue to a yel- 
lowish wlute. And if the seed undergoes such a change, why 
may not the fruit ? It is more than probable that it does ; 
but, the change not being so conspicuous as the diflbtence 
, between blue and white, it has escaped observation. Perhaps 
the most eflfectual way to unravel the mystery of the anomaly, 
wdhld be to impregnate a considerable number'^of Peach 
blossoms with the pollen of the Nectarine, fud to examine 
minutely if any change succeeded in the fruit 
If this communication should be thouj^ worthy to appear 
jp your TrAtactkiM, I trust Mr. SalisbuI^ will excuse «n 
humble attempt to reflect a little light on an obscure part of 
^ncgjiii which be himsel^b so luminous. 

1 am. Sir. 





% Youn ntpeetfiiHy,* 

JOHN*Ooti. 


iy tke Seeretary. 

Pnvioiu to tlie receipt of the above communicatioii, one 
on the mne nftiject was traosmitted by Aiexamou Sbtoh, 
]^. vid read at the Meeting of the Sodety oa the SOth of 
Ai%ust, ISSS. Mr. Sbtok had happened to make a aimilar 
eicpeiiinent, by imprqinating 4be flowei| of die Dwafim- 
parie^ a well knom gmen varied of thcrPo^ widi the pollen 
ofawUtefieegnntingmiiety. Of the ilowen so treated fpe 
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only produced a pod, and it contained four Peaa^ wludi did 
not difllbi in iqppearanee ftom the others of the female peient 
It thus appears ftom the difinent results in this stage of thet 
experiments made by Mr. Goss and Mr. Bitov, that the ap.^^ 
peamnceof the feint in the first instance is sometimes iiifectra' 
l^hxbaneoasimprepiation, and sometimes not; theimpr^ 
nation being efibctual, as it was proved to have been, the 
progeny .in both of these instances, and it seems denrdde that 
thismterestingpomt^on whidi8omiididiArenoeQfo[nnion ' 
hu arisen,* partly fiom observation, and partly fimn anah^* 
cal leasonini^ ahonld be sulgected to feather experiment. 

The plants which grew flrom the firar Peas obtained by 
Mr. SiTOK, seemed to partake of the nature of both parents, . 
beipg taller and more diflhse than the Dwarf Imperial, and 
less so than themale white paimit; but die pods tesemUecT 
those of tlfe fininer, being short, and havjpg but few Peasp^ 
each. ^3n their ripemng it wqf %innd that inslUeacr^ their 
• containiiig Peas like those of either parent, or of an appearance 
betwfeeifthe two^ almost evmy one of them had some Peas of 
the fiiU'green colour of the Dwarf Imperial, and o&iem of the 
whiddi cobur of that with whidi it had betmimpregi^ed 
moed inditcriminatclyand in undefined numbers ; ihsy«.~ere 
all oompletdydther of one colour or the other, none rfthem 
. havii^g an intermediate tint, as Bfr. Snov had ei^ected. ^ 
The represen t ation of one of the pods in Plate IX. Fig^ I. 
cowqts a very perfect idea of its appearance. « 

c 

* SMobwMitMCBdwMdUettriistesDixtiincfcluiaemlasiildtaMak 
aifS|ieSarew{nMatV«liia» ^ 



CHAPTER Xm 


T^EOBT TO Acootnerr m the results wmoH tollow 

• a INVOIlVlNa TWO PAIRS OF OEABAOTEBS 

The iheoiy ennncialed in Chapter XI., to account 
for the fact of segregation and the ratio in which the 
BCjgregated characters occur has more an vniinii 
practical value than a direct one. Its value in 
prtllrtioe is the lesson which it teaches rather than 
the immediate practical effects whidi it is capable of 
achieving. This lesson is that anj attempt to predict 
^e result .of a given mating mus^ be based on a 
•fafiowledge of the oharaoter*&ctor8* contained in 
ihe^^etm cells qji the individuals mated, and not 
meidy^n the visible dkiacterB of these individuals 
them^ves. The scientific control of breeding must 
•depend on,a knowledge oPdiaracters as rejrebented 
in the germ cells ; no amount of familianty with 
the i^cgg^CxEmnal features of the animals or plants 
dealt with will assist towards this control, except, 
of course, in so far as these external features afford 
a due as to^the contents of the germ cells within. 
Tile chief value, then, of the theory enunciated in 
theilak chapter lies in the support which it affords 
to those new prindpleB ^ breeding which look for 
guidancw to the germ, reject* the indications of 
the body or soma, and ue ba^ partly on H«i{kdd*B 

I ao3 
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theory already described, and partly on de Vdes ’ 
work^ referred to in Chapter I. These new prin* 
dples of breedings together with an account of an 
experiment carried out to test their tmtU, will form 
the subject of Chapter XV. 

But whilst the value of the theory enunciated 
in the last chapter is of this indirect nature, tifie 
theory to be described in this, which is merel,pBU 
extension of the first-named, is of immediate practical 
value, inasmuch as a himiliarity with it greatiy 
increases the facility with which one of the most 
important methods of the breeder, the combination, 
in one strain, of characters existing in distinct strains, 
can be carried put. 

The two methods of the breeder are, first, the 
method of sdec^on, which alters and improves the" 
characters of bleeds ; and, secondly, the method of o 
hybridisation which* merely efiects t^e recombinatiojk. 
of oharaAters which ate not^themselves alter^ And 
itc^may be said that the theory to account for the 
results* \^oh follow a onSss involving a ^tingle pi^ •-> 
of characters, described in the last chap ter, throw 
an indirect light on the first of these meEEo&^jWjplst 
the theory to account for the results whichf^ow 
a cross inTolving two pi^ of characters, to be 
described in this chapter, directly facilitates the*’ 
second of these methods. ° 

These preliminary remarks are intended to indicate, 
roughly, the application o^ the theory which has 
been, and that w£ioh is about to be* dealt witL 
Both^ them, of course, have other applications as 
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•i^elV but these remarks wiii, it is hoped, help to 
effect a> preliminaty orientation of the novice. 

With a view to ezphuning the theory to account 
for results *whioh follow a cross involving two pairs 
of characters, I propose to select as an instance of 
such a cross the classical one investigated by Mendd, 
• namely, the result of crossing a yellow wrinkled with 
V'gzeen round pea shown in Plate III. 

A single-square Table is sufficient for the repte- 
> sentation of the union of gametes which occurs in 
HiftTring the cross; though a four-square one mig^t 
*luive been used as on p. 176 . Y is written for the 
factor for yellow, G for green, B for round, and W for 
wrinkled. The Table is filled up as follows : — 




^ gametes ^ gametes 

. YW . GB , 


J 

TG.few 

» or 

• 

1- 

|TW 

YG.]^ 

Of- 


• 

Of 



This rnay be simply written as follows 
< YWxGR = TG.RW 


It will be seen that each gamete is represented 
H)y two letters, and not one, as in the case of the cross 
between two forms differing in respect of one pair 
of ^characters ; and each zygote by four, and not 
two, as in the othw case^ This is a simple indication 
of the f%st that the twoTOrms crq^sed differ in respect 
of two pairs of characters instead of one. 
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Our duty is to predict the resolt of n\^tmg> 
these hybrids from a knowledge of the contents of 
their germ cells. The first step towards this end is 
to determine the number of possible combinations of 
any two of the charaoters, yellowt green, round 
and wrinkled, except such combinations as inTolve 
the association in one gamete of the two charactte^ 
of a pair ; that is to say, except *^0 and BW.*.Ai3(r 
there cannot, of course, be gametes with the formula 
YY, GG, or WW : it is only rygotes, which are 
of double structure, that can contain two of the same 
factor. With these exceptions the number of possible 
combinations of the characters Y, G, B and Wrf>are 
YB, YW, GBf GW. All that we have to do, there- 
fore, to predict the result of mating the yellc^r-round 
hybrids together is to determine the number and 
relatiye frequency of the possible combinations oo| 
these four Aypes oigametes. And this is mostly simply 
done ly»means of a sixte^-square Table. *^£1%' for- 
mula for the four types of S gamete are written along 
the t6p,^and four similar formulte fqr the $ gam etes.. 
on the left side of the Table on the opposite page. 

Here, again, four horizontal sqflStOrare referred 
to as a row, and four squares superimposed vocally, 
as a column. 

Let us now see what the various kinds of rygotfis 
formed by the union of the four IdnSs of gametes 
are, and write the farmuke for each in the’sqpare 
formed ly the intersectipn of the column relating 
to the male gamefe concern^ the formula of which 
is ^ptten at its top, with the row relating to the 
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,feoi^ . gamete conceined, the {oimela of which is 
written {it its end. Let us begin with the left-hand 
square of the top row. This is a union between a 
^ YB gamete and a $ YB gamete ; and the lesult^ 
TY.BB, is obviously a yellow round which is homo- 
zygQus both for yellowness and for roundness; mother 
words, both in colour and shape. All the lygotes 
•en ^he^top row*are yellow rounds. The second, 
YY.BW, is, like the first, homozygous for colour, 
J)ut is hetero^gouB for shape. The third, TG.BB, 
on the other hand, is heterojygous for colour but 
hdmozygous for shape. Whilst the fourth and last, 
TGt^W, is heterozygous for both colour and shape. 


• 


Of 

OB 


GW 


gametes 


YE 

YW 

GR 

A 

GW 

YYJRB 

YY.pW 

• 

1 

YGJtR 

Y(S.RW 

1 

2 

s 

4 

• * 

TY.RW 

• 

YY.WW 

YG.RW 

• • 

TO.WW 

• 

5 

6 

7 

B 

YG.BB 

YG.RW 

GG.RR 

GG.RW 

w 

10 

11 

iz 

YGJIW 

8 


GG.RW 

■ 

16 

\ 

GG.WW 

16 1 
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To proceed now to the second row. Th^ first 
zy]gote in it, to the left, is a yellow round,. TY.BW, 
homozygous for colour but hetero^gous for shape. 
The second, YY.WW, is a ydlow wiinMed, homo- 
^gous for colour and, of course, homo^gous for 
shape, inasmuch as wrinMedness is recessive. The 
third is another yellow round, hetero^gous for both 
colour and diape; whilst the fourth laa^ 
YG.WW, is another yellow wrinkled, this time 
hetero^gous for colour. 

The first zygote in the third row, Y6.BB, is a 
yellow round, hetero^gous for colour and homb- 
^gous for shape. The second, YG.BW, is elso a 
yellow roun4, but heterozygous in both respects. 
The third, GG.BB, is a green round, homo^gous, of 
course, for colour, green being recessive ; whilst the 
fomrth and Ifist, GG.BW, is a green round like^^e 
last, butdieterozygous for shape. ^ 

Ther*fir8t zygote in last row, YG.YS^, is a 
•yellow round, heterozygous in both respects. The 
sec<m^ YG.WW, is a yellow wrinkled, heterozy gous. 
for colour only. The third, a green round, GG.BW, 
hetero^gous for shape only; wEQst'the la^ is a 
green wrinkled, homozygous for both of its characters, 
both of them being recessive. 

This Table is now written again 9 n p. 209 wfth 
the visible characters of the ^gotes, instead of their 
formulee. ° . 

It will be seen fro^ this Table that there 
are niwA yellow sound, thlM yellow wrinUed,- three 
gtgea round, and one wrinkled zygotes, 
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whiolif is tihe sotoal ratio in which these i^pes ocoui 
in the second hybrid generation from this cross. 

It may also be noted that the ydlow A>nnd8 
occupy the top row, the left column, and the squares 


YR YW GR GW 



along a diagonal crossing the whole Table from tiie 
r^ht top to l^ie left bottom comer ; and that repre- 
^ seutatives of each of the four types, TB, YW, QB, 
GW, occur in the squares lying on the other diagonal 
of the square, namely, t^ crossing it from the top 
left to the bottom righ^mmd comer. 

Much mote osn, h<mever, be made out froift»the 
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Table in whioh the zygotio foimnlte aie ^rntteia; foi 
instance, in tegard to this last point, the Table on 
p. 209 only gives half the truth ; it only shovrs that a 
representative of each of the four exterhally distin* 
gnishable occurs along the top-left to bottom- 
li^t diagonal ; the whole truth, as revealed the 
Table on p. 208, bdng that these fqur representatives, 
are the oi^y representatives of these four f omra^hi^ 
are homozygous in respect both of colour and of 
shape. A glance at the gametic formulm at the ends-" 
of the columns and rows whioh intersect to form 
these squares at once gives the reason. These are l^e 
squares formed by the intersection of columns rfmd 
tows with thOfSame gametic formulee at their ends. 

Another point brought out by this Table is that 
the zygotes lying ixt the squares on t]\e diagonal 
passing from Ihe top right to the bottom left comes 
of the Table, contain the four ydjow rounds whidi 
are hetefb^gous in respechboth of colour and of^pe. 

” It will also be seen that the four kinds of zygotes 
in a row to the right of given gametic formula j^r«b? 
the same, and follow one another in the same order 
(reading from above below in the column,* an^ffrom 
left to right in the row) as those in the column under 
the same gametic formula. In the YB column and 
row, the squares 1, 2, 3, 4 are the samq as 1, 6, 9, 1^. 
In the YW, 6, 6, 7, 8 are the same as 2, 6, 10,«*14. 
In the GB, 9, 10, 11, 12 are the same as 3, 7, lly 16. 
And, lastly, in thf GW, 13^ 14, 16, 16 are the same as 
4, 8. 12, 16. « \ 

Jk familiariiy with the simple ppperties of such 
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i aitfteen-sqiiaie table as this is indispensable both 
to the student of heredity and to the practioal breeder. 

Now,' with regard to the breeding properties of 
various tygbtio types exhibited on this Table. These 
may be most conveniently exhibited in tabular form : — 


Number cf 
^-temaOy 

Zygctkdty 

diferenivyiea 

Number 

f 

(1) YT.BB 

1 

i 

(2) YT JIW 

2 

9 1 

1 

(3)TO.BB 

2 


<4) TG.BW 

4 


• 

(6) YY.WW 

• 

!• 

8 YW • 

• 

(6) TQ.WW 

• 

2 « 

** 

-* 


OB • 

• 

• 

(7) OO.BB 

(8) GO.BW 

• 

1 

2 

1 

1 oV 

(9) QO.WW 

} 


a 

/5 


± 


\Bruding proptfUea, loAcn aXhmd 
to adf-fertUite 


Prodaces yellow rounds 
only 

Ftoduces yellows, about 
76 per oent. of which are 
round, and the rest 
wrinkled 

Produoeif rounds, about 
76 per oent. of which are 
yellow, and the rest green 

ProdudBuYE, GR 
and GW in the ratio 
9;3:3:1 • 

Produces yello^ wrinkleds 
only • 

'^PjN>duoe8 wrinkttds; about 
76 per cent, of *wHoh are 
yellow, the rest green 


Pioduces green rounds only 
Rcoduces greens, abrat 
76 per cent, of which' 
are round, the rest 
wrinkled 

Produces green wiinUeds 
only 
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I liave tecognised all these nine zjrgotio 17]^ in 
my own loeeding experiments. • 

It will be lemembeied that the moss which gave 
this yariefy of fozms was between- a yellow wrinlded 
and a green round. Two new typ^B have arisen in 
the second hybrid generation — the yellow round and 
the green wrinkled. The latter may be counted up<fti , 
to, and actually does, breed true at once ; *nd 
only takes one generation longer to fix the yellow 
round. All that is necessary, to do this, is to sow*= 
the YB seeds, the cotyledons of which constitute 
the second hybrid generation, so that the plants 
raised have plenty of room, and then, when they<^ 
ripe, to look for a plant all of the seeds of which are 
yellow round. There should be one suck plant 
amoi^t every nine of the TB of the seqpnd hybrid* 
generation, and its seeds, when sown, will produce* 
nothing btlt yellow rounds.^ . • 

iitStead of crossing a ydlow wrinkled with a 
(freen romd, a cross lu^ been made between a ydlow 
round and a green wrinkled, the same seri^ of fogps« 
would have been produced in the second hybrid 
generation, and in the same proportions f bdt- the 
two new forms in it, in this case, would have been 
the yellow wrinkled and the green round. The 
isolation of both these forms in a pu^ state takis 
the same time as that of the yellow round de^bed 
above. The yellow wrinkled seeds, the cotyledons 
of which constitiite the ^TOnd hybrid generation, 
tee sown. All the* seeds oir^e {dants produced will 
be nrlinkled, but in two out oiniyery ^hree plants they 

V.. 
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wiIMm yellow aad groen in tiie ratio of three to one ; 
on the^remainmg plant they will he yellow wrinkled 
only. Thes^ when sown, will produce nothing but 
yellow wrinkled. Similarly with the isolation of the 
green rounds. The green rounds in the second hybrid 
generation are sown ; two out of every three plants 
produced wUl bear round as well as wrinkled green, 
<he epemaining plant will produce green rounds only. 
These, when sown, will do likewise. 

> It is not, in my opinion, necessary to give any 
further instances of the application of this sixteen* 
' square Table to practical problems. What the 
Inaeder wants is a working familiariiy with this 
Table. If the reader understands ^t properly and 
has cases which can be dealt with by its help, there 
will be no difficulty in applying it to them. It is 
eonvenient for this purpose to hav9 this Taffie in a 
general form, as^on p. 214. “A” and»“a” stand 

for'^e dominant and lesesaive members «f one pair ; 
“B” and “b” for those of another pair. . • 
There is one point in*r9|;ard to the ctitibism of 
itendelian theory which may be emphasised here. 
Tl^ fact that the 9 : 3 : 3 : 1 ratio can be deduced 
froi^ a theory of the gametic contents of the germ 
cells of the hybrid does not prove that theory to be 
*true, beoaum not only can the 9 : 3 : 3 : 1 ratio be 
shown to follow from the mere combination of two 
3 ; 1* ratios, but the existence, and frequency of 
occurrence, of the nine#xygotio types described on 
p. 211 follows from combination of two 1:2:1 
ratios, as ex{daine^/m p. 100. My point ia^thk: 
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It 18 not permissible for the Mendelian to argM in 
this -mjf ** I start ^th my theory to acconntdor the 
phenomenon of segregation in the 1 : 2 : 1 ratio ; from 
this I derive the 9 : 3 : 3 : 1 ratio ; from this, in its 
torn, I derive the 9 : 3 : 4 ; and so on. lamlikeaoon- 

^ gametes 



AB 

Ab 

aB e 

ab 

AB 

AA.BB 

AA.Bb 

Aa.BB 

Aa.Bb 

1 “ 

1 

AA.Bb 

c 

AA.bb 

Aa3b 

Aa.bb 

c 

S) 

0^ 

aB 

r 

Ab!bb 

» r 

AaBb 

c 

aa.BB 

L 

aa.Bb 

alf 

e 

Aa.Bb 

• 

aa.Bb. 

aa.bb 

0 


jnrer who balances successive objects one on the top of 
the other. Surely if the first object were insecoze, 
* the whole series would totter. Surely there could b9 
no better evidence of the truth of tike theory which 
constitutes the foundation than the fact thi£t Jihe 
successive predictions based on it, and then on one 
another, are fulfill^** Th^bmswer to this is that 
the ^fulfilment of the sucoes^ pt^otionB would 
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oertqinly support the theoiy m question if this theory 
were tiye foundation on which they were based. But 
it is not. The basis on which these two types of 
segregation; in the ratio 9 : 3 : 3 : 1 and 9 : 3 : 4 , 
rest is the phenomenon of segregation in the ratio 
1 f 2 : 1, and not the theory by which it is sou^t 
toVezplain this phenomenon. And the fact that the 
eradiations madd from this basis ate fulfilled is only 
evil^ice of the reality of this basis, Le. of the occur* 
nstense of the 1:2:1 ratio (about which, however, 
thers is no doubt), and it throws no light on the 
'theory put forward to account for this basis. 

^ I propose to deal now with the general biological 
cond^ons which have been derived from the 
theor^cal considerations set forth in this chapter. 

It will have been observed that we have dealt with 
the interpretation of the mode of ihheritance ef only 
two pairs of characters ; and, moreover that these 
two pairs of clu&actenf were entirely independent of 
one another in their transmission. But it is obvious 
that a very much largan Vunber of characters is 
concerned every time fertilisation takes fiace; and 
it ja a fact thalT distinct characters ate not always 
transmitted independently. Let us deal with the 
general question of the number of characters first, and 
*with their rdation to one another, whether indepen*- • 
dent or otherwise, afterwards. 

, Bi the opinion of those who accept Mendel’s 
t^iy as foreshadowing as, in its present 
state, /wtually confuting jt valid theory of 
hetedi^ in genetal^ue numba of oharact^ con* 
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oemed every time fertilisation takes place is certainly 
very large ; it is nothing less than the sum total of 
the characters of the organism in question. Accord- 
ing to this generalised Mendelian theory; the organ- 
ism is made up of a number of characters which am 
called unit-characters, because they are transmittei 
as independent units in inheritance. These mit- 
characters were, in the early da;^ of Mendeliam 
speculation, considered to be associated in pairs, b^t 
as explained in Chapter IX., the pair is now rega^d- 
as consisting in the presence of a particular character 
as its dominant member, and the absence of thih’ 
character as its recessive member. But this i%ia 
secondary feature of the theory. The essence of it 
is that the organism is built up of an obyionsly 
immense number of separately transmissible unit- 
charaeters, thembrnbor, limits, and nature of which 
can be determined by experimental breeding. With 
regard to ^e soundness of this theory, all we Imow 
a1^ present is that it applira to the reUtively small 
numtier of characters wi^eh have been dealt with in 
Mendeliah studies. This knowledge is siMdent & 
justify its application to practical ^roblem^ if t^ere 
is reason to believe that the inheritance of the here- 
ditary characters under consideration is of, or approxi- 
mates to, the Mendelian type. But this knowledgeo 
is not as yet by any means Bu£S.cient to warrant even 
the hope that the future problems of heredity 
be solved by its aid. 1 am* however, me^y con- 
cerned here in enufysiating theory, and not in 
estimating its tmtL 
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There xemains one section of the theory to be 
dealt with. This relates to what has been called 
gametic purity. By this is meant the idea that 
the distribution of unit-characters amongst the germ- 
cells is discontinuous; in other words that a germ 
cell either contains the factor for a particular unit- 
j^hasacter or it does not; there is no intermediate 
oenditien, no hali^way house. . It is not possible for 
a germ cdl to contain a mixture of ydlowness and 
^freenuess ;' that was why TG was not a permissible 
combination of letters amongst the formulse of the 
guQoetes outside the sixteen-square Table. Also, it 
is nqt possible for a germ-cdl to have more or less of a 
particular character ; it has either got it or it has 
not. I^iat was why GG was not *a permissible 
•formula for a gamete. For a zygote it is, of course. 
^ • There has been a good deal of misunderstandthg as 
to what is meant by gametic purity, and conisequently 
a good deal of umnteutibnally irrelevant ctiticism of 
Mendelian theory. Let me indicate what the predqp 
, significance of the MendeliarXeaohing on this*point 
is.* One o'! the most practically importani of the 
co^^lariea which iSUow from this doctrine of gametic 
purity is that the extracted dominants or recessives 
of t^ second hybrid generation am identied in 
napect of a parUedar (dmadar with their pure 
dominant St recessive grandparents which were 
ma|edr to make the cross. The form which this 
sometimes takes in the months of objectors is, ** The 
extracted, recessive or dbminant%*ar8 ideniieal with 
Ahe pure douunant y and , recessive grandparents. 
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etc.” Now this is demonstrably antrae, and su> one 
familiar with Mendelian phenomena ever made such 
a statement. Fore and extracted forms are only 
supposed to be identical in respect tif partieular 
character or characters. 

For instance, the albinos which appeared in the 
second hybrid generation of my experiment, thei^]^ 
to all appearances identical with the piirei«lbinos, 
proved themselveB, when mated with waltzers, to be 
very different from them in their breeding properties; 
For amongst the o&pting of extracted albinos mated 
with waltzers there appeared pink-eyed and even 
albino mice, forms which are never produced ifhen 
pure albinos sixe mated with waltzers ; and this fact 
was haded by objectors to the Mendelian th^piy as a 
(xmduBive proof of the falsity of the doctrine of thd 
purify of the gamete. “ We have met you on yeu{ 
own ground,” they declared, **and have defeated 
you. Here were two albinos whicli ou|^t> according 
to your theory, to be jdentioaL We tested the con- 
tents* oFtheir germ cdmi» according to your teaching, 
and we have demonstrated that they are funda- 
mentally different.” “ » 

But a familiarity with the Mendelian account of 
reversion, to be given in the next chapter, will at 
once explain how such a result could occur and be 
in perfect accord mth Menddian theory as now 
held. There were, in all probabilify, amon^t.the 
albinosjln my second hybnd generation three q'gotic 
fypes correspond^ to thd* three zygotio* of 
white-flowered peas in ^ se<ipitd l^btid generation 
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of the^expenment illnBtiated on Plate IT., and 
inteipieted on p. 226. 

I mention te bote and their posuble mter* 
pietation m6^1y to show the reader that resalts 
which, in the mind of a caenal observer, may appear 
to be incompatible with the doctrine of gametic 
purity do not in, fact bear on it one way or the 
oAer. ^ 

In this chapter attention has been paid to two 
pairs of ohilractetB in which neither of the oharacters 
of one pair exert any efiect on either of those of the 
^ other. The theory to be enunciated in the next 
chapter is based on the fact that the dominant 
member of one pair exerts a very profound efiect 
on the dominant member of another pair; it is a 
necessary condition of its visible existmice. 



CHAPTER XIV . 

THE THBOBT OF BEVBBSION 

The Mendelian theory by which it is sought t 
explain the phenomenon of revenden will be deelt^nt 
in this chapter. By way of illustration, tlTe resu 
of crosdng a white-seeded with a grey-seeded pet 
and that of crossing a white-flowered with a piiS 
flowered variety of pea will be t^en (see Fig.* 2 
and Plate IV.). 

The two pairs of characters in the colour df th 
seed-coat with which we are concerned here ai 
purple-spot (P) and absence of purple-spot^p), an 
grejr (6) and absence of grey (g). According t 
the theory, Ihe character P has this remark^l 
property,* that the zygote cwhichccontains it cannc 
manifesf the pi^le-spob’ unless the character G b 
^[tresrat also. The f^mulee for the gametes of th 
white-Qoated and grey-boated pea crosred are,»fc 
the grey-skinned, Gp, namely, presence of grey an 
absence of purple-spot; and fox the while-skWec 
gP, namely, absence of grty and presence of purph 
i^ot^ which, however, cannot be manifested in the al 
sence of the grey-coat Suppose the whib-coatedwei 
used as the female parent, the union of the gambtt 
and its result would be represented as follows!— 

Q 

GameUi cfiMe • Oan^ of gref/ . 
otoi-ooattd^pamt teei-eoatei^pomt Zygak prod/yoed 
, X ^Qp - QgPp. 
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The pfliple-spot appears in the zygote pzodnoed 
beoatise athe factor for grey-coat and pnrple-spot 
co-exist in this sygote. The reason of its absence from 
either parenfwill be seen from their zygotic formulte ; 
the grey-coated is GGpp, i.e. grey bat no pnrple- 
spot ; l^e white is ggPP» i.e. pnrple-spot but no grey. 
, *CI«nn-cdls of four kinds, according to the character- 
factors which they contain, would be produced by 
the hybrid, namely GF, Gp, gP, gp, and the number 
and l^ds df zygotes produced by their random union 
can be discovered, as in the case of the 9 : 3 : 3 : 1 
ratio, by plotting their possible combinations on a 
sixteen-square Table. This Table conforms precisely 
to the general lype given on p. 214 

S gametes 


GP 


Gp 


Of 

gP 


gp 

9 , 



GP Gp gP 




• 

• 

GGPP. 

G^Pp 

GgPP 

GgPp 

1 

2 

8 

4 


• 

t 

• • 

GGPp^ 

GGpp 

GgPp 

Qgw 

5 

6 

7 

8 

G^ 

GgPp 

asPP 

ggpp 

9 

10 

11 

IS 

GgPp 

ogpp 

ggPp 

CBPP 

IS 

“ a- 

18 

s. 




I 
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The external appeaianoe of these foift <s7goti 
types is given in the subjoined Table : — • 


Pozple- 

spotted 

0 x 07 

1 

Fniple- 

spotted 

Qiey 

2 

Fuiple- 

spotted 

Gi^ 

3 

o 

Pniple- 

spotted 

Gzej 

4 

Fmple- 

spotted 

Grey 

* 

Fni^e- 

spotted 

Gray 

Cbqr 


Gi^ 

r 

s 

0 

7 

8 

Patple- 

spotted 

Fniple- 

spotted 

Whitb 

Wbub 

9 

Qie7 

10 

11 

la 

Poiple- 
spotted • 

Ony 

Whus 


Qi^ 

18 o 



IS 

■ 1 ' 


r» 

o 

c From this it 'will ^ seen that there are nin< 
purple-spotted gr^,4hitee greys and four whites 
This Table is predsdy analogous to that for cotyle^oi 
colour and shape, liie purple-spoUed grey <chany]tec 
ootieBpond to “ yeUow: round ” in that» in boi^ o; 
them» two dominant characters are present in th( 
same tygote, either in the homozygoiu or heterO 
sygous condition. The greys correspond to th* 
ydbw-wrinlded because thigy^ possess only fim 
dominant character, namely grey (in the DB or DI 
condition); and one recessive, absence of purple 
■pot.® A . . 
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Th«f ihiee whites— And hero we come to the leaUy 
interestmg part of the 8izteea<>square Table illns* 
tratmg the onion of gametes of leveisionaiy hybrids 
— ^the three whites in squares 11, 12 and 16 correspond 
to the green rounds, and bear the same relation to 
the greys as the green rounds bore to the yellow 
wrinkled ; that is to say, they possess the recessive 
factor for the character in respect of which tiie grey 
was dominant, namely, absence of grey; and &ey 
possess the dominant factor for the character in 
respect of which the grey was recessive, namely, 
purple-spot^ which, however, is not seen in the seed- 
ooa( because this is white and not grey-^the presence 
of grey, as already explained, being a necessary 
conditi^ for the manifestation of tfie purple-spot. 

* The white in the comer (in square 16) corresponds to 
J;he green wrinUeds, possessing, as it does, twoweces- 
^sive characters ; and it difiers from the o^ier whites 
in that it is a 
the factor for 
whites do. 

*The pdirallelism between the Tables giving the 
ratio and Chat giving the 9 : 3 : 3 : 1 is com- 
plete tin every particular. For instance, in the 
former, as in the latter, the four rygotes homo;^gou8 

* in respect of both their characters lie along a diagonal 
passing amoss the Table from the top-left to the 


>ure wBite, Le. it does npt possess 
purple^spot as the three otii^ 

« .• 


boljtofn-^ht comeTy^hilst the four zygotes hetero- 
sygous in both their chaiaoters (all purple-spotted 
'gr^ in this Table, as all yellow {bunds in the other) 
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The fheoiy put forward to eauidain the results c 
erossing a pink-flowered with a wbite-flotrered pe 
will now be briefly set forth on the some lines. Th 
case is given as w^ because, for practical purpose’ 
it is more convenient than the seed-coats ; in tt 
flrst place, the characters, pertaining as they do t 
the flowers, form more suitable objects for demonatti 
tion in the garden than the seed-coat characters 
though these ate very useful as permanent exhibit 
la the second place, for the purposes of experiment 
tion, characters of the flower are much more oonven 
ent than those of the seed-coat, because in the case* < 
the former the character of the individuds lyim 
mated can be seen at the time the cross is 
made — ^indeed^ it cannot but be seen; yrjaisb i 
the case of the seed-coat characters the actut 
characters of thfi plants mated cannot be'determinB 
until they, are and ripe, except indirectly im 
imperfec% by the known &ot tEat a white flowc 
ig associated with a white seed-coat, and a purpl 
one* with a grey or pitf^e-spotted grey seed-coat. 

The*instanoes of flower colour and df seed-&>a 
colour also follow one another in It naturahseqq^^ 
inasmuch as the interpretation of the former is mad 
more readily intelligible by a familiarily with th 
theory which is put forward to explain the latte: 
For in the case of the flower colour it is unlilmly tha 
the theory that the purple was due to the simulthn^u 
presence of two cobur factors (namely, blue and pinl 
belonging to disf|pct pairs, wotild have .su^^te 
itself, if the similarily the coipposition of th 
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second hybiia generations in the two oases (9 purple, 

8 pink,«and 4 white in flower colour, and 9 purple- 
spotted grey, Tigrey, and 4 white in seed-coat) had 
not given t9ie due. In the case of the seed-coat 
this interpretation is relativdy obvious, inasmuch 
as the two dominant oharaoters, the purple^pot and 
^tlie»grey baoli^^und, can be roen as distinct and 
separate things when present- in the same i^gote ; 
whereas in the case of flower colour, the one is super- 
imposed oh the other, the blue on the pink, or vice 
versa, in such a way as to afEord no indication that 
{lie resultant blend is compounded of two distinct 
thii|gs. 

The two pairs of factors involved in this case 
are blup (B) and absence of blue (b), and pink (P) 

' and ab^oe of pink (p). Blue bears the same relation 
jKH pink as purple-spot does to grey-s-narndyf that 
,the blue fa^r is unable to manifest itself in the 
absence of pmk. *It can only come into being in a 
lygote in which pink also e:[^ts, so that blue never 
appears as such, because it can only exist ih the ' 
presence of pink, and the two together make purple. 

iflink*oan exist in the absence of blue, just as 
grey can exist in the absence of purple-spot. 

If blue were not dependent on the presence of 
pink for its devdopment, the second hybrid genera- 
tion, the ^^s composing which are shown in 
PlaJp ’rV, would have been .9 purple, 3 pink, 3 
blne^ and 1 white. Also die cross would have been 
between n purple and blue, or Xetween a hetero- 
^gom pvupld a white.' 
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But to retum to the case as it is. The uaion c 
the gametes of the pink and white parents of th 
cross may be represented as follows*?^ 


OameUt of Oametes of 
finh-fiowend vkUor-fiowered 

parent parent 

Pb X pB 


2^g€te 

prcduoei 

FpBb • • 


The union of the gametes produced by this hybri 
would be represented as follows : — • • 



The external Appearance of tiie sixte^ i^ygote 
diocpi in this Table is mven on pa^ 228 ; 
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Tile leUnon between the constituent factois 
the resultin/ extenud appearance can be more readily 
perceiVed by^mparing the Table on p. 229 with 
that on p. *228. 

The factor for fink is written O 

The &ctor for (Asenoe of jmk d 
"The factor for blue • 

The factor for absence of blue € 

•In thft Table, as in that representing gametic 
unions in seed-coat colour, the four whites occupy 
\he four bottom right-hand squares. The three whites 
in4he squares 11, 12 and 15 carry the factor for blue, 
as the Table on p. 229 shows. There are two ^es 
of thei{^ One of them. No. 11, is homozygous for the 
blue factor ; the other two. Nos. 12 and 15, are hetero* 
, 2 ygous for the blue factor. The only white cSrrying 
no blue is the one in square 16. That is to say, 
there are three zygotic Itypes of whites altogether. 

Now, it must not be supposed that the com- 
spondence between the theory, as set forth dh this 
Tilble, wi^ the actual result which it was invented 
4o explain, is proof that the theory is true. It cannot 
be deiied^hat the e^ctation based on this theory 
is the occilrrence of fdur white, three pink, and nine 
purple-flowered plants amongst every sixteen, on the 
average, in the second hybrid generation. Nor can it 
be ^enieil that these three things occur in these propor- 
tions. But a great deal more than this is wanted before 
the truth of the theory can be admitted. The three 
^gotic types oi white, foAinstanoe, must be shown 
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to exist. la this case the theory is ij| adTafice of 
oui knowledge ; it is not yet known nmethev these 
three lypes do exist. But this oaniS easily '’deter- 
mined by mating all the whites which odbnr in such 
a secimd hybrid generation with pore pinks. Let 


Foxple 

1 

Purple 

2 

Purple 

3 

c 

Purple 
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Pniple 
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Pink 
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Purple 
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Pink 
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Foiple 

c 
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a 

Pink 
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14 c 

(i 

‘Whot 

IS 

r. 
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le 


us see what wiU be the result of mating the 
types of white with pure {onks the fonmi^ of 
which would be PFbb. 

The single white homozygous for blue with iibB 
formula ppBB (No. 11)* will be considereJ’first-: The 
union is of this type, lie pink produces* o^y 
one kind of gamete, Sb, and the white . also 
.. produces only ond.kind, pB; the lesult.of their 

• Ses Add* 0^ ZM or p. Sta 
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imioit is, meiefore, always heteroaygpiiB pnrpleB. 
Thus:*- . * 

♦ pB X Pb = PpBb 

The two whites heterozygous for blueness. Nos. 12^ 
and 16, with formula ppBb, will produce two kinds 

. ^ gametea 
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of gametes, pB and pb, so the result of mating them 
Wth ptnj^ can be most conreniently foretold by* 
meam of the four-square table on p. 230, the extengri. ^ 
chaiactetB of the four zygotes produced being 
m the Table alongside. * , \jl^ 

The c^iTdf this union ^ 

ofpuipIes.andpinkB!^ 
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Gametes of Fink 
Pb Pb 



The last remaining white, No. 16 , which pioduceq , 
one kind of gamete only (ph), carries no blue at all, so 
that when mated with pink it will produce no purpllS, 
but only pinks.. Thus:— 

pb X Pb = Ppbb ** 

C * * . 

The total r&ult of mating these three zygotiS > 
types of white-flowered peas^of th^ second %brid 
generation %ith pure pi^cs, may be represented in 
tabiikr form, thus : — 



That is to say, eqi^ numbers of purples and pinks 
wiU be produced on>the ayerage, if a largemumber 
of ctos^ are made; andL^ the theory erqpressed in 
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the aifteen-siTiaie Table on p. 226 be true, they moat 
be diflttibntra as shown in the last two columns of 
the fojfegoing^tVble. Nothing short of the carrying 
out of an Izperin^t of this kind on a large scale 
will suffice to prove the truth of the Mendelian theory * 
.of reversion in this case. 

, *• Assuming thaj; it will stand this test— and I have 
teaso])B for believing that it will— we see that we 
Have here a consistent theory of reversion for the 
ftrst time! Reversion, according to this theory, is 
^ue to the meeting in one ^gote of the two factors 
necessary itxf the production of the ancestral character. 
These ffictors had, presumably, at some period 
become separated and lodged the one, in one and the 
other in the other of the two strains which, when 
they are piated, produce the reversionary hybrids, 
lb the case of flower colour in Pimn it*is not 
difficult to make a suggestion, as to» how this 
occurred. The ^d Ptstpi, of which I have grown 
plants from seed kindly given me by Mr. Arthur 
Sijtton, h|s a purple flower.* But this is not a hetero- 
sygous purple but homo^gous (i.e. of the formula 
PPBB),* because it breeds true to purpleness and 
nevePproduces pinks and whites. Where, then, did 
the piTik come from ? This question may be answered 
^ only one assumptaon, which is amply 

waiidnted by frequency of analogous instances 
oi the same occurrence throughout the vegetable 
This assumption is tiiat a white*flowered 
vanety ef the pea arose by mutation from the purple* 
flower^ by the sudden aM nmultaneous loss ef both 
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of the factors necessary for the prodnonpn of pnrple. 
It would haye the formula ppbb. If mLted with the 
pure purple it would give heterei^us plirples, 
PpBb; and if these were then self*fertilised and 
bet seed, they would produce purples, and 
white. Another possibility, and perhaps a more 
probable one, is that the homozygous purple sud- 
denly mutated to the hetero^gous conation j the 
self-fertilised seed of such a plant would produce 
whites, purples and pinks. In this case it is not 
necessary to assume, first, that a new form appeared 
by mutation from the purple, and then was crossed 
back with it. This question, however, of the origin 
of Mendelian characters will be dealt with in Chapter 
XVn. All thal 1 am concerned with now is t^e idea 
that the two factors necessary for the production of 
purple *=in the power of Pitm did become separate 
at some period apd one of them (P) lodged in a 
pink-flowered strain, and the other (B) in a white- 
flowered one, and thatr tfie reappearance of this 
purple ‘asethe result of a cross is due to the re-union 
of these Wo factors in the zygote resulti^ from* a 
cross between the two strains meutioned. < 



CHAPTER XV 


> 80MB NBW FBIKOIFLBS OF BRBBDINa BASED OM 

Mendel’s theobt 


How theoiy of heredity of the future will difier 
fsom that*of the past can, perhaps, be most easily 
made dear by describing an experimient as to tiie 


• f 



thapry and that based on the older notions which 
it is likdy to supplant are diametrically opposed to 
one another. 

The reader will not need to be reminded that the 
jreiult of crossing a yellow-seeded withta green-«eeded 
pea is a yellow, which produces, a second hybrid 
generation -consisling o! 76 per cent, yellow and 
26 per cent, green. There }§ this proviso, however, 
that this is only known to«be true when the*green 
and yello^, witii which the cross is made, Bdong to 
"puretgreeii and pure yellow strains. But this should 
make lo difierence according to the Mendelian theory : 
a yellow, provided its zygotic formula is YY, and a 
gm^ provided its rygotic formula is 60 , should, 
i^teweTTheir ancestry, give rise to yellows which 
wij); produce 76 per cent, yellows and 26 per cent, 
greens, when self -fertilisedi The expectation based 
on the theory is in violent opposition to 

what the old nations of ’’heredity would lead*us to 
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expect^ for according to these notions|the ancestr 
of tm> individiuds mated, play a large pai 
in determining the result of the metif^. 

The cross made was this. Instead of mating 
* 7 ure ydlow cotyledoned strain with a pure green on< 
I mated it with an extracted green of the fifth hybri 
generation; that is to say, with the green prints 
in italics in the following pedigree: — 


Yellow X Oteea 

YdLw 


Pnie Ydlow 


Hybrid 

Yellow 


Gim 


Ftie YdloW> 


Hyorid 

Ydlow 


Gieea 


Pnxe Ydbw 


Pore Ydlow 


Hybi 


0 

irid 


— «■ 
H 


ellow 


^brid 


Gim 


Orem 


0 

This green was mated witii a pore yeUow and, accor 
ing to the Mendelim theory, the result of the u^ 
should be the same as that of a mating '^^betweeff 
pure yellow and a pure green. Before considerifig t 
actual result, it will be well to look at the ancestr 
of these two kinds 6| mating set forth, side Ijy side, 
the focm of pedigrees 
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« ^eneffnoii 

Aneetify of eroM 5e<wem 
pure ytiUom and pan 
yntn 

YELLOTIi&X Giefti nf 

Yellow 

QBEEN 

Yellow 

YBliiOTfr 

Yeiiow 

gbW 

Yeiiow 

TSliiOW 

yJiow 

obIien 

Yeiiow 

» yblLow 

YeAow 

OIlliBN 

tJiow 

TBiioW 

Yeiow 

obIien 

yJiow 

OreeX x 

Feiow 

Qraen x 

FtLlD 




Yellow 


76 % Ye 

When the two parents of a generation 2010 alike, their 
oharactersis only written once. The two forms crossed in each 
case are printed in italics. The aifeestors in respect of which 
th^ pedigrecli difier are printed in capitah letters. • 


, The result of the type of matiiig at the right is 
well known, and is writ!;en there to emphasise the 
fact that the result of the xnating to the left is p&t 
known. • • * 

Anyone unfamiliar with Mendelian phenomena, 
'"and with tinly these* two pedigrees to go upon, would 
unhesitatingly declare that the result of the two 
mfthiwgg would not be the same. He would predict 
mtl^^me confidence that^ the result of the mating 
to Hie^got being what it is stated to be, the result 
of the*matmg to the left will differ from it in showing 
a much lower percentage *of greens in the second 
hybrid generation. “ I cannot •\>nt believe,” he 
would .azgue, *tthat tSS^great wei^t of yellow 
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ancestry behind the green in this case Will mdke itself 
felt by increasing the proportion oi ydlbws and . 
diTniniahiiig that of greens in the second* hybrid t 
generation produced.” 

The actual result is ertirely in accord mth 
Tl ffwndAlian expectation. Our interest, of course, is 
focused on the second hybrid genjeration. The 4bst 
is yellow, as in the normal cross. The ratio oj greens 
in the second hybrid generation is 24*88 per ceift^ 
as dose an approximation as is ever obtained *td 
26 per cent. This ratio, 24*88 per cent., is bas^d 
on what is, I believe, the largest second hybrid , 
generation that has been observed. It consisted of 
139,817 indidduals (in this case, of course, seeds), 
the actual number of yellow ones being (^06,046, ^ 
and of greens 34,792. 

Td anyone*^ brought up soldy on Mendelian pfln* 
ciples— a^ it is jtossible t^t this book may, some* 
day, &11 into the hands-of such an one — ^this result will 
not seem in the least unexpected. But I would remind 
the rbader that this is<written at a time when^the 
number of people who have derived their notions of 
heredity sddy from twAnliiTig given in post-Mendelisn 
times (namdy, since 1900) is very sm^, and'^*that I 
myself derived my ideas of heredity from teadiers who 
held exactly the same views on heredity. . as 
expressed in the last paragraph but one. \ 

The conformity of the result with Mendelian 
expectation is seen direct^ we pay attention, not to 
the dhaxaoters of the individuals in the 

pwdig twM on tiie precedin^jpkge, but to the contents 
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of thei» geim>cells. The ancestry of the extracted 
green, marked Trith an asterisk, is given below in 
a pedigree wKcbrinclndes the collateral ancestors, 
and displaya the zygotic constitntion, and conse- 
quently the germinal contents, of all the ancestoQW 
Outside the circles, which rq>resent zygotes, are 
printed to the right the somatic characters of the 
individuals, whether yellow (T) or green (G) ; outside 
the circles, to the left, the ratios in which they 
ec^ni ; and*inside the circles their zygotic formulas : — 



7612 TdlowB, 24*88 flnaa 
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Qnl7 zatio of the greens to the fdlows isqnaerted 
in ^ bottom line of the pedigree, beQaiise«the con- 
stitution of the jellowB has nota be^ determined. 
Not does it concern us here. 

, The zesult of this experiment, therefore, shows 
that^ if we confine our attention to one pair of ch^ 
racters at a time, the attempt to predict the resuit of 
a given union must be based on a knowledge of the 
factors representing these characters in the germ-cdl^ 
of the two individuals mated, and that theWy hnow^ 
ledge of the characters of their ancestors which is 
required is such as is necessary to discover what these 
factors are. 

Besides supporting this general thesis, the result 
of this ezpenment tests another corollary of equal 
practical interest which follows from the ifendelian 
theory. It tesih the truth of the assertion that«aq 
“ extracted ’* individual in any generation is as pure, 
in respect of the character which it bears as an 
in^vidual in a pure strain characterised by this 
feataxe.f. For instance^, it tests the truth of the 
statement that an exacted green in the %fth hybrid 
generation is identical in respect of its (greeimese 
with a pure green, and it proves that this statement 
is correct. Not only is the colour of such an extracted 
grem apparently identical with a green of 
strain, but its breeding properties are idiiitioa^ Ss 
shown the result of matu^ it witii a pure ;^ellpw. 
This conclusion is merely, however, an instance of 
the qiecial application of the general conqlnsion set 
fortbiin the last paragtap^"'^ 

« J o 
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Then are two points of view from which tiiis 
conclusion JOf.j be regarded— the general biological 
one and the Mrietly utilitarian one. If we regard 
it from the dormer point of view, we have to ask 
ourselves whether we are prepared to believe that 1 i||o 
activities of the soma play no part in determining 
{hi4 structure of the soma in subsequent generations. 
Por mv own pari, I am by no means prepared to 
state that I believe any such thing. In the first 
^]poe it is extremely doubtful whether any more 
than a few hundred characters, the vast majority of 
\niioh exist only in a state of domestication, are 
inl)|Brited in Mendelian fashion; and, in the second 
place, we have to remember that the changes to which 
evolution is due have either been * imperceptibly 
small 0^ if not small, have been separated by immense 
mpnbers of generations, and that, in*either cas^ they 
Ibave extended over such prodigious periq^s of time 
that it is improbable thdt any observations lilmly to 
throw any light on their da|fire will be made in^the 
number of centuries during ^hich public opjpion will 
remain staftile enough to continue these obs&vations 
on snme lines,*and still less in the number of 
years during which a single man can devote his 
attention to them. 

..n on the other hand the conclusion, stated at 
thei&IQra tile last paragraph but two, be regarded 
from the utilitarian point of view, comfort may be 
denved from the reflection that most of the characters 
of animalg and plants whitix are qf economic import* 
ance seem to be^eritSM Mendelian fashion | and 



240 BREEDING o 

f ^ 

also from the fact that the equipment and time at 
the disposal of the biologist, thon^^ at jtresent abso- 
lutely inadequate fo^he puipose^f Appling with 
evolution as a whole, ate probably suffieient for the 
task of effecting such improvements in domesticated 
races of animals and plants as may be required. 

This being the case, our next step is to deal more 
fully with the application of Mendelian principles to 
the practice of breeding. I have already insisted en^ 
what, in my opinion, is the most import&nt service* 
which Ifendd’s work has done for the science of 
heredity, namely, the establishment of the principle 
that the contents of the germ-cells, and not ,the 
outward characteristics of the animals and plants 
dealt with, must be our guide in breeding. 

This principle can as yet only be applied when 
the iiffieritance ''of the characters, which are being 
bred for, fits, or may be e^piected to fit, into some 
recognisedcscheme of heredity, sucK as the Mendelian. 
lf«t^e mode of inheritan^ of the character in question 
is demonstrably not Mendelian, and does not corre- 
spond to any of the types recognised b^ de VMgb 
in the vegetable kingdom, it must be«oamfiilly 
described and, if possible, interpreted; though the 
latter is not important. What is urgently needed is 
an accurate description of the various ways in ^ ch 
the characters of domesticated animals wdi^Ianffi 
are inherited. It wiU be time enough to infierj^ret 
them when* our knowledge of them is a great deal 
mote perfect thamit is at present. For, instance, 
there* is one question of tSi^'greatest importance tc 
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tile biyeder on which the present ayailahle infor- 
mation^is very scanty. It is the simple question of 
the inheritance of i^ulk. In the pea, for instance, there 
is a race wjth a seed as large as that of Victoria 
Marrow, pnd also a race with a seed half its 
as in some of the continental field peas. Now these 
tyg) oharaoterisers, “large” and “small,” do not 
Constitute the two members of a Mendelian pair; 
the cfbss between them is a blend, and so far as 
•data at present available show, segregation does 
not occur when the hybrids are self-fertilised. If 
one of these “ small ” races possessed, as one of them 
happens to do, an economically valuable character, 
ana if it is desired to combine this character with 
“ large ” size in a single strain, this would be an easy 
matter* if “large” and “small” constituted the 
members of a Mendelian pair. But a%— or let «is say, 
*supposing — ^they are not, we cannot proceed to effect 
this combination imtil the mode of ihheritapce of these 
two characters has been determined. The most ijn- 
portant point to discover in such an inquiry would be 
to determine which, if any, 0% the types in the second 
hybrid generation bred true. This generation might 
consist of a complete series of gradations between 
a “ small ” identical with the pure “ small ” at one 
end, and a “ large ” identical with a pure “ large ” 
at tiUgBtiier end ; and it might possibly be that these 
two estremes of the series bred true, that the blends 
in*the middle of the series never did, and that the 
finrns intermediate between th^ blends and the 
extremes *bred true iomne individuals and not in 
o' 
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others. This is the kiiid of thing which woq}d have 
to be found out. ^ 

But if the dharacteis bred foi^^arednheri^ in a 
Mwudftliftn nuumer, there is no difSoulij^ as to how 
14 ^ proceed in practice, and, moreover, no question 
but tiiat tile only guide which will conduct we breeder 
to the end which he wishes to achieve is a knowle^ 
of the character-factors concerned,* in the germ-cellt 
of the ftnimftla or plants under oonsideratiofi. 7pr 
instance, it is clear that in the case of the blue colour^ 
in Andalusian fowls, or the red-roan in cattle; llie 
attempt, based on the confinement of one’^s attention 
to outward bodily characteristics alone, to raise a pure 
breed possessing these colours, by only mating aniihals 
which exhibited them, is doomed to failure. True, the 
Mendelian cannot tell the breeder how tooraise a 
strains which breed true to these codours; but 

he can te]^ him how to raise 100 per cent, in each' 
generation»where‘the breedef, actii^ on the principles 
which he had learnt from his ancestors, only suc- 
ceeded ip raising 50 per cent. 

With regard, now, to this principle of cconduotin^ 
breeding on the basis of a knowledge of the contenti 
of the germ-cells. It may be asked, “ How axe wt 
to determine the nature of these contents ? ” ** Th( 
answer in most cases is ‘‘By breeding from tiu 
indiiriduals themselves; to determine wha|^^3^tiK 
characters in respect of which they are homosygout 
and what those in respect of which they are hetdto 
zygous.” Indeed,*^e difierence between modem ant 
old-fasUoned principles oi^oieeding may* be sum 
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marisecUm the statement that whilst the old<£ashioned 
breeder «look^ for guidance to the pedigree of the 
animals, and ^laiats he was breeding, the modem 
one looks to their gametes; the former looks to 
their ancestry, and the latter to their o&priQg<; 
^e former looks backwards, the latter forward A 
criticism which may be made of the modem method 
is that it amounts to nothing more than predicting 
what will happen by finding out what does happen. 

this is fiot, in fact, a fair criticism. In the antithesis 
in the last paragraph ancestry was opposed to off- 
spfing and not to posterity— to one generation only 
and^not to many. The breeder, according to the 
old principles, required a knowledge of the parents 
and of as many of the ancestors as*possible, and 
based his prediction on this knowledge without going 
^yond it. *The breeder, according {b*the ne\f prin- 
ciples, only requires a knowledge pf the«o&pring, 
and he only needs ihis as m indication of the germinal 
contents of their parents; he does go beyond the 
characters of the ofEsprii^ ta the germinal contents 
of their patents, and bases his prediction on this, 
and not on the characters themselves. 

Wejiave now to deal with another part of the 
Mendelian doctrine and with its application to 
practi g^ This is the idea that the organism is 
b^t*uf> of independently heritable unit-characters. 
I dq not propose to consider here the question how 
' far it is likely that this conception^ will be found to 
be applicable to all th ejsha racteristioe of organisms. 

‘ That is a question to wficl^ it seems to me, it^ not 
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profitable to attempt to supply an answer until 
information with regard to a much ]jurger« number 
of characters of wild animals and p^ts ihan we 
know about at present is available. But that this 
conception does apply to a very large number of the 
characters of domesticated rac^ is sufficient for the 
practical breeder. The general realisation of«the 
ffict that the unit which has to be handled in^ezpeii 
mental breeding is not the individual aniTnal or plant^ 
but the independently heritable unibcharabter, marki 
the beginning of a new epoch in the history of th< 
practice of breeding. Once it is clearly underst^ 
that dominance and recessiveness attach to 
acters and not to individuals, one serious obstacl 
to progress has been removed. And, in my opinioi 
the most important advance which is rendered possibl 
by tlie remo\^ of this obstacle will be* efiected*b 
a [^nstematic inguiry into the nature and mutui 
relationsMps of the characters, whether Mendelia 
o9<not, which go to oaake up the organism. £ 
“nature” I mean whether they conform to tl 
Mendelian or to some scheme (which must bh( 
become the subject of investigation) in the nann 
of their inheritance ; and by “ mutual relatio|j| 9 hip 8 
I mean whether they are transmitted independent 
of other characters in mheritance or in asso^tic 
and, if so, how dose the association is. Thia pher 
menon of the assodation of dhaiacter is a ye 
important one ii^praoti(9B, arid may be illustrated 
characters of the culina^pea. The tsolour a 
sha^ of the cotyledons tSe, as the reader kno* 

c 
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absolatelj independent of one another. A pea which 
I is jellow is noKj for that reason any more or less likely 
to be rdtand. At the other end of the series there 
are two snch characters as the purpleness of the 
flower anJ the purpleness of the axil, the ail^e 
where the flower-stalk joins the main stem. These 
: tw9 characters cannot be separated by hybridising ; 
; it is impossible to breed a purple-flowered pea with a 
neen axil,, or a purple-axilled one with a white 
floWer. The two characters are apparently indis- 
solubly connected. The comment may be made, on 
.this, that they are not two characters, but one. And 
myVmswer to this is that I have no olqection to 
i expressing the fact that two characters are indis- 
mlubly associated by calling them one character, 
except that.it is better to refer to .two appi^tly 
iadlssociable characters which we can ranceive of as 
being separated, or desire to be separate^ as two 
characters, partly because it may turn out that the^ 
are separable by as yet undboovered methods,, tmd 
parl^ becapse by naming them one charahter we 
renounce the attem]jt to separate them. 

BdlAredh these two extremes of association there 
are intArmediate forms. A great deal of work has 
been done in the hope of interpreting the various 
tjppes^t^^ association on Mendelian lines. These, 
howevel, do not concem us here, and it will sufiBce 
to describe a single instance of two characters belong- 
ing to distinct pairs which are imperfectly associated 
together. One of thes^rfibaracterS is purplenecp of 
flower in the culin&iy pea; the other is the occnbenge 
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of the first fiower at a idatively high node* on the 
plant, which is the chief conditioi^' detwmining 
lateness. The aUelomoiph to purpleness * in the 
flower is white, and the ^lomorph* to highness of 
nd&o of first flower is lowness. In the secdnd hybrid 
generation, raised from a hybrid produced by crossing 
a **high” purple with a “low” white, there% 
evidently a strong tendency for purple to be associated 
with “high” and white with “low.” Wjth a vei; 


“high” and all the white “low”; but there 
just a few “lows” amongst the purples, and a feis 
“highs” amongst the whites, which show that4h( 
two charactem are not associated so closely as. 
for instance, purpleness of flower and piirplenesf 
of aziL t 

In conclusTon it may be said that the urgSii 
need of tfle present is an exhaustive enquiry, under 
taken by mdependent observers, into the mode o; 
iniieritance of ^e charaflters of domesticated animalt 

c 

and plafits. It will b^ time enough to gystemqjisi 
this knowledge when there is iqpre of it. 


' Le.,fhaot]wdiitsot(rofflieiaiMpair. 



CHAPTER XVI 

THE INHEBITAHOB OF SEX 
• 

In th* previous chapter the manner in which the 
'practice breeding will probably be modified by 
tie dissemination of the main conclusion which fiows 
ffpm Mendel’s work was indicated. In the present 
, chapter a theme of mere academic interert will 
ei^fage our attention, namely, the application of 
Mendelian principles to the question .whether there 
is a fundamental and con8titutional>-to be absolutely 
precise, a j^gotic— difference betwe^ the sexes. 

* * One of the most recent, and cer&inly the most 
* interesting, of the applications oh Mendllian prin< 
ciples consists in the atteiopt to interpret'the pheno- 
mena of sex by means of these principles. j{at 
be^re thig theory is described it is nec^lpsa^ to 
present certain cases in which the normal course 
of Mdnddlian inheritance is disturbed by the inter- 
ferenci of sex. 

A homed breed of sheep— the Dorset Homed— 
Jn whM^. the horns are well developed in both sexes, 
was deossed* with a hornless race, such as the Suffolks, 
both sexes in which are hornless. The result was that 
all male lambs of the first hybrid generation developed 

* Note on fhe *<hh«ritaiilPti.E(iimi and Faoe Cdonr in Slyep.”— 
Jmn, Afrit, 8«L, toI! L. pt. 3, p. 864. 

Mf 
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honu^wldkt the female lemained hornless. The result 
of reciprocal crosses was identical. It l^pke as if the 
homed character were dominant in ^es, but recessive 
in females. But this view is shown to 'express the 
tnriA*. imperfectly by the appearance in t&e second 
hybrid generation of homed ewes and hornless rams. 
The explanation of these phenomena, so far & 
it is an explanation, is found to be that a mm is 
homed both when he is hetero^gous (pB) and 
homo^gous (DD) for the homed character, whilft 
a ewe is homed only when she is homozygous for i|. 
That is why all the ewes in the first hybrid generation 
were hornless. In other words, a ram will develop 
horns with on^y one dose of the homed character, 
which is present in the heterozygous condif^on o: 
that character ; but a ewe needs the two dpses whiol 
are only presefit in the homozygous condition 0: 
that character. There appejirs to, be something ii 
the constithtion of the ffimale which inhibits thi 
development, in this case, of the homed characte 
‘ when {hif is only present in the diluted he^erozygou 
condition. This phenomenon is Iqmwn as sex-limi{e< 
inheritance, because the course of desert ■ef 
character is affected by the sex of the indMdua! 
which bear it. 

Another instance of it is afforded by the 
mena of colour-blindness in man. This pecuBarit 
occurs both in men and women, but is very rm 
amongst the latter, Colofir-blind men may transm: 
the peculiarity to their sons,,^ut veiy rarely do t 
to theiicdaughters. These unaffected* daughtm ma; 
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howevA, txansmit it to their sons. ]bi a word, men 
cannot* trao^t the pecnliarily without having it, 
whilst women can? The mode of transmission and ’ 
the interfertoce of sex would appear to be exactly 
the same'as in the case of the homed characj^ in 
dheep. A woman is only colour-blind when she is 
hfimo^gous for ^e character ; a man is colour-blind 
both yhen he is homozygous and when heterozygous 
• for it. !nie normal women who transmit it are 
heteiosygous for it. If this theory is true all the 
^ns of colour-blind women should be affected, because 
even if she is mated to a normal nude all her offspring 
w41 be heterozygous for the peculiarity, and that 
is sufficient to make her male offspring develop it. 
Recor^ in the possession of Mr. Bat^n show that 
the seventeen sons (who lived to be tested) of seven 
Cblom-blind women were all colour^^Uind. The bear- 
ing of these focte of sp-limited jnheritaace on the 
Mendelian theory of sex will shortly ap^ar. 

Another fomiliar instance of the results of. Bex- 
limited inheritance is affwded by the •difference 
between &e nude and female o&pring resulting from 
a ooss'between a black and an orange cat. The 
geneitd rule would appear to be that the nude ofbpring 
are orange, whilst the female are tortoiseshdk This 
is wl^y nude tortoiseshells ate practically unknown, 
and Vhy the females occur sporadically, inasmuch 
a# it is not possible to raise a race of tortoise- 
shells because there ate *no toips to mate the cats 
with. • • 

The idea that sex was a Mendelian fHhtacter 
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was first suggested bj Professor Castle.* Ac<!brdmg 
to Professor Castle, sex was represented Igp a factor in 
the germ-cells exactly as a MendeUan character is. 
(The factor for maleness will be written St hnd that for 
femaleness $.) He supposed that both male aftd female 
were hetenosygous for sex, i.e. both were of the rygotic 
formula(J$. He accounted for the eqivdiiy in the nudf* 
bers of the sexes by supposing that, in about half the 
^gotes, maleness was dominant, and in the other half 
femaleness was dominant. He also supposed that; 
when these hetero^gotes mated, the unions betwee^ 
lilm gametes were infertile, because it was his theory 
that each sex had the formula and it was theif- 
fore necessary to explain the non-existence of the 
rygotes and $$ which, according to the or^Jinary 
Mendelian scheme^ would result from the. union of 

and'^<}$, thtls ; — 

c Gametes of male 





It will be seen that this theozy involves two serious 
assumptions ; fizst^ ^e altAnativeness of dominance 

* Ou% W. R *'The Horadity of SeS^’ Comp, 2Soci. 

Hamid, lOAl. VoL zL, No. 4 

« m 
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in the* two bhaiacteis in the heteioiTgote, to account 
for the apfpoximate equality in the numbera of the 
sexes t seoon^y, the sterility of unions between 
gametes be'aring like characters. 

CastlB’s form of the theory has now been^per* 

• seded by a much simpler one which is due to Mr. 
•QeofErey Smith, It was briefly referred to in the 
remvhB on p. 181 , relating to the possible kinds of 
Won between any two of the zygotic forms, DD, 
DB and DD, where it was seen t^t there are only 
yty'o kinds of union in which the parental types are 
reproduced in equal numbers, namely, DB x BB, and 
BB X DD. Of these two tiie former is the only one 
in which the two parental types difier from one 
anotl^ in all cases ; that is to say, BB is always 
different .from DB in outward appearance, whilst 
DD is indistinguishable from D]fe*except*in those 
cases, like the ^dalqsian fowl^ in wlfich the DB 
zygote has a character peculiar to itself? Inasmuch, 
tilieref ore, as the male differs by^extemal characterittics 
from th^ female, and inasmuch as the resqlt of their' 
union is usually t^e production of males and females 
inHppfozimately equal numbers, it is natural that 
the Suggestion that one sex was of constitution DB 
and the other of constitution BB should be made. 

. The theory is this : Femaleness and malenesi^ 
con^tute the two characters of a Mendelian pair. 
FeiWeness is dominant ; that is to say, femaleness 
is due to the presence of a feoti>i the mere absence 
of whidi conqtitute^Unaleness. *Bnt femaleness never 
occurs in the* homozygous condition $$ (DD^, but 
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always in the hetero^gons (DR), whilst nufleness 
occurs in the homozygous (recessive) co^tioh SS 
(RR). 

Only one instance of the kind of evid&ce, based 
on Mopidelian investigations, by which this iSieory is 
supported will be given here. 

The common currant moth (Abraxas grossviarialafi 
has a variety UuAiooilor, which is characterised by 
the fact that the black spots on its wings^ though* 
they resemble those of the parent species in distti-' 
bution, are very much smaller. This variety is only^ 
known as a female. 

A series of crossings between the parent specif 
and its variely were made by Mr. Doncaster and 
Mr. Raynor, ah^ gave the following remar^ble 
results : — 

C " C 

1. Ladwlor $ x^grosmdanata ^ produced in FI* and $b 

all gfwulanc^. ^ 

2. FI grosatdnsuriata $ x FI grouuhnata gave grassutariata 

c and $8, and haicehr gs ; no of lacticohr appeared. 

3. iadicoilor $ x FI groasulanata ^ gave all four kinds, 

gr^fUafiata an^ $b and lacticcllor ^ and 
*‘The lactiodhr males were the, first that had ever 
been seen.” * ** 

4. Perhaps the most curious result of all. FI gro 89 \Miaia 

$ X hutieobr ^ gaye dl $8 grossulanata. 

Mr. Doncaster attempted to account for jih&s 
lemarkable series of results by adopting Professor 
Castle’s idea that both sexes were heterosygous ; and= 
he daborated a consistent c^lanation of his results. 

* A syinbol, introdnoed by Mr. Bateson, <>> denoM the first hybrid 
gsnenttioii. . t 
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His tbeoiy involves five distinct assumptions, which 
will not ^gone into here because a much simpler 
explanation suggested by ]l£r. Bateson and now 
accepted by Mr. Doncaster, has obtained general 
credence Mr. Bateson’s theory involves two assump- 
tions, which are as follows, in his own words 

1. “That the female is heterozygous in sex, 
femaleness beitig dominant, and the male a homo- 
<n^gous recessive (see pp. 261-2). 

, 2. “ That when in Fl the two dominant characters 
femaleness and the gromHariata factor co-exist, there 
*ls spurious allelomorphism or repulsion between 
^em, such that each gamete takes one or other of 
tliese factors, not botL”* 

A word in explanation of spurious allelomorphism. 
True^allelomorphism espressos the relation between 
Jshe dominant and recessive members of 4he same 
pair— yellow with green, or round wi^h wrinkled. 
Spurious aHelonforphudn is a relation between factors 
belonging to distinct paifs ^hich gives the appeuance 
of their belonging to the^same pair. a •relation 
of this Idnd, similar to that which exists rotween the 
t^ dominant characters, femaleness and the gros- 
sviagiata character, were to exist between the two 
dominant characters, yellow and round, in the hetero- 
^gote produced by crossing a yellow wrinkled with 
a^teen round, yellow would repd round, so that they 
coifld not both exist in the same gamete, just as in 
We allelomorphism yellow and green cannot exist 
in the game gamete ; yellow cp^dd only exist in the 

* Aindd'i ^bkinoiplM of BtndUy ” ITS. , 
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same gamete with wiinMed, and a relation of spniions 
allelomoipliiBm would thus be established between 
these two dhaiacters. , 

The e^lanations of the results of the^ four kinds 
of mating made by Doncaster would then be repre- 
sented by the following schemes. The dominant 
and recessiye member of the pair of charactea 
relating to colour, namely grmvilarvAa and ladieolor- 
are written D and B respectively; and the donmxant 
and recessive members of the' pair of (diaraoter^ 
relating to sex are written $ and ^ respectively 


inside the squares, and underneath the rygotic fom^ 
ulsB the actual character and sex of the zygote * 
1. Laotiodlor*9 ^ grossulariata $ produces 60 pei 
cent. ^ and 60 per cent. $s, all grosstdaricita. Tlfhs 




Dd 


Dd 


Lact. $ 


DbW 

c 

gnu. $ 

gnu. ^ 

Dm 

gnu. $ 

Dm 

gnu. ^ 


2. Fl gmmlanata $ xoFl gmwlanata ^ prc 
duces 60 per cent. grm. 26 per omt gro88^ $, an< 
26 per Cent. lact. $ • 
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* ' • 

FI Qmtt $ 




R? 


• 

DR$(J 

•♦0 

gnn. <J 

gross, $ 




j ** 





RR$<J 

• 

grou. (J 

lad. $ 


•,3. Ladtimlor $ x Fl grossulanaita $ gives 26 pei 
cent. p<m. $, 26 per cent, grois. 26 per cent. 
lad, and 26 per cent. lact. ^ * 


Lad. $ 

.»9. 


So 

e 


D<J 




• 

ms 

^jross, $ 

DR<j<y 

« 

grou. 

RR$<J 

lad. $ 

RR<J<J 

lad. S 

1 


\ * 

r. 4. Fl grossulariata $ x laelSbOloT S produces 

^ per cent, pre^s. ^^and 60 per cent. Uusi. ^ ir- 

I- 




c 
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Fl Gnu. $ 
D<J R? 


♦o 

I 

RJ 


DR^^ 

gnu. 

t. 

RR9(? 

laUn $ 

DR,J^ 

gnu, <J 

RR?^ 

lad. $ 


Doncaster has since found that the result of crossi: 
pure wild grosstHariata with ^ lacticdor is precidi 
the same as that of mating No. 4 on p. 262 ; that 
as the, result of crossing Fl t/rossufonotocwith 
lactiocHqr. This fproves that the ^d prosstifofi 
female is ^heterozygous in regard to this charact 
half her ^rm-cells bearingcthe groamdariata fact 
th^ other half the Uictioolor factor. 

Here, then, is an instance in which the simp!, 
interprel&tion of the ^ehomena is the supposit 
that the female is het«x)zygouc> for se^ femakt 
being the dominant character, whilst the male 
pure recessive. The value of this case as e'^de 
^ for the theory that the female is a hybrid in res] 
of sex and the male is pure recessive does not jne 
lie in the fact that this is the simplest way of acco' 
ing for the facts ; for this is also the simplest wa 
accounting for the fact that males and females 
prodpc^ in equaf numbers ia thephum&i spe 
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ad this oinnunBtaaoe would be slender evidence for 
lie truth this theory. The peculiar interest and 
alue nc evidence f>i cases like that of the currant 
10th lies in the fact that in them the character of 
ex has,<^s it were, become entangled with and 
ntered into ^jggmianent relations with a varietal 
elour-oharacter, the consequences of which insigni* 
[cant little event has been to withdraw the veil 
ehich has all this time hidden the real difference 
)9tween the sexes from our view. 

Bearing in mind the presence and absence hypo- 
hesis of the nature of the two characters of a 


dyidelian pair, it will be observed that» according 
o the theory we are considering, the female who 
s hetero^gous for sex is characterised by the presence 
>f the %t^r in virtue of which she is female, whilst 
;be male ’laoks> this factor altogSther. £>ren the 
:emale, being a hybrid, has only one dese of this 
iactor, whatever It is. *The male\s male in virtue 
)f the fact that he has*npne*at alL Half of, the 
j^erm cells of the female contain this fa<{|»i*; the 
)tker haU*lack it. All the germ-cells of the male 
[ack,jt. • * 

N^w this factor, whidi is present in the female 
slone, has been identified with the thing which checks 


|ihe development of certain characters which attain 
their full development in the male, in cases of sex 
pnitdd inheritance. In the case of the horns in 
plieep there is something in the female hybrid resulting 
Icom a crpss between a homed and hondess individual 
Much inhibits the development of horns, which httain 


R 
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their normal size in the male hyhiids £com tl 
same cross. And this inhibiting sometjiing ds, as 
haye said, identified with the ddininant factor whit 
is present in the i^gotic constitution of the feme 
and absent from that of the male. Those of n 
readeis who are familiar withes Weininge: 
theory, expounded in his '* Sex and Character, ”e 
the difierence between the two sexes will detect 
very dose paralld between it and the Menddi 
view. ” ^ 

Evidence derived from widely different and ab 
lutdy independent lines of inquiry tends to supp' 
the Mendelian theory. But there is a qualificat^ 
The various lines of evidence point to the c 
elusion that one sex is hybrid and the other pu 
but - they do not all point to the same sex Vs 1m 
hybrid' and puA respectively. 

Let m examine them separatdy. We will • 
first with <the only one, of t&ose I propose to consi 
vTbich, like the Mendelian theory, points to 
femde 9 s the hybrid. This is contained in a I 
entitled “The Causation of Sex,” byDr.®R. Daw 
which appeared recently. The' theory, hovevjif, 
first enundated at the Obstetrical ^iely vl " 
so that there is no possibility of the author hr 
heard of the Mendelian theory of sex, even if the 
that he does not refer to it were not sufficient wvfc 
of this. Dr. Dawson thinks that the male pla; 
part in determinipg sex in the human species, th' 
germ>cells are alleindifferent in resect qf sex ^ 
femhle, on the other hand, gives rise to two kiz 
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ra, one kindlarhioh, when fertilised, will give rise to 
ales, Vnd«%nothet which, when fertilise^ will give 
3e to •females. l!he former, the male*produoing, 
ise in the light ovary, and the latter, the female* 
roducingp in the left ovary. So that about ^qual 
imbers of th%>two kinds are given ofi. When a 
pman is once mture, an ovum is produced alter- 
ately, from each ovary, one at a time, at each 
rulatory ^period ; a male-producing one from the 
ght ovary ; next month a female-producing one from 
le left ; next, a male from the right ; then a female 
»m the left again, and so on. So that when a woman 
had one child under such circumstances that the 
ate of the ovulatory period at which the egg, from 
'hich the child developed, was extruded from the 
vary can ^ be calculated, the sexes of any fqture 
Isldren required may be arranged.* The Evidence 

dduced for the allocation of the male- aftd female- 

• • • , 

(Toducing ova to the right and left ovaries fespectively 
annot yet be considered to*haVe proved the mint ; 
or is the point necessary fpr our purpose, v^t 
I bf intense -interest is the fact that clinical obser- 
'atiaas conducted in complete ignorance of Mendelian 
peculation should' have led to the enunciation of a 
heory of sex which is practically identical with the 
lendelian one. The two theories, at any rate, have 
iiese Joints in common. According to both, one sex, 
M female, produces two kinds of germs, male-produc- 
|g and female-producing, iif equal numbers, whilst the 
Bale only^ptodpces gg^-cells of one kind. The se^ 
nerefore, is detehnined by the female. Dr. Ddwson’s 
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iheozy and tiie Mendelian one are, of course, M^prest 
in different terms, but in their essential ^tufes tl 
are identicaL And, I thinly it” is very difficult 
regard this oircomstance as a mere coinoidenoe. 
is not likely that either of them is clos^ in to' 
with aotualily, but that up to ac«ie?tftin point t 
agree is an indication that a due ^ been founc 

We have now to deal with pieces of eviden^, t 
different from one another and from those alre 
considered, which strongly support the view 
one sex is a hybrid, or, to use a word of w 
signification, bipotential, and the other pure, 
onipotential, but point to the female as pure 
unipotential and the male as hybrid or bipoter 

The first of these indications is derived : 
Mr. Geoffrey Smith’s observations on crabs in 
Bay of*Naplesr ' The female of this species of ext 
characterised by the breadth of her abdomen 
the presezfte, on it, of lo^ filamentous appen( 
td*<which the eggs are Atrached when they are 
and by ,^e delicacy <{f her pincer-daws. The 
is charact^ed by the narrowness of hu abdc 
the possession of a pair of hard copulatocy e 
dages instead of a number of fiexible filame 
ones, and by the much greater size and stren^ 
his pincer-daws. 

This crab is occasionally infected by a 
called SaceuUnOf which is also a crustacean, fi 
it would never l^p recogoised as such, for it ' 
like a full wdlet^*from the b^y of^its host, 
insideit consists of a rmnifying sysMm of fibrils 
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:tend coot-Uj^ throughout the body. The paiaute 
ay kill the,crab ; if it fails to do this, and ^e crab 
coyeia» the efEects'which it produces are sufficiently 
nfound. The internal lOot-like part attacks the 
snital oegans and destroys them. K the crab 
tcovers the organs ate regenerated. ^IHiat 

•remarkable about the case is that the efiect differs 
jcon^jng to the sex of the crab affected. If it is 
•fem^e that was affected very little effect beyond 
vh a dight diminution in the size of her filamentous 
mbs as could be attributed to the shook of the 
Section and strain of recovery is observed when 
hi^ has recovered. 

But if it was a male that was affected, the changes 
rought about ace very much more profound, and of a 
ery remarkable nature. They consist not only in 
^ assumption by the male of the External features, 
]ready described, which distinguish the f8male, but 
a the actual dev^opmmt by hin^ in Had place of 
jlie destroyed testis, of a genital*organ which contctins 
Iggs. The pincers of the mi^e lose their i;^bibtness 

I solde reduced to the size characteristio of the 
«So do the* copulatory i^pendages. This 
might, however, be ascribed to shock and 
debility consequent on it ; but the other two 
} which occur cannot be so interpreted. Not 
les the abdomen lose the pointed shape charac- 
of the male, but it actually develops the long 
tons swimmerets charactetytic of the female. 
% w(nd,,this parasite is capable of making a 
ttb undei|;o a series of changes whioh,*ii bad 
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oases, may end in its becoming a fem^a; bat it is 
incapable of making tbe female nndergp efen the 
smallest change in the ditection fif beooming.a male. 

The general oonolasion derived from these fhcts 
is that the male contains within his organfeation the 
potencialily of both sens, only,sQi;f««i3f which— thq^ 
male— is manifested nnder orcbnary circamstanoe(; 
though nnder the exceptional ones just de^bed 
it may be suppressed and the female given the oppor<« 
tunity of appearing ; whilst the female contains only* 
the potentiality of that sex to which she ostensibly 
belongs. This conclusion, stated in Mendelian ten£, 
is that the male is a heterozygo^e, and the female 
a homorygote, which agrees with the Mendefian 
theory of the 'constitution of the sexes in so far as 
it asserts that one of them is heterozygous £nd the 
other bcmozygoUs, and differs from it in that it, 
makes thet male hetero^gous and the female homo- 
zygous. « ' f ' 

' Jn the case of thee ne?ct‘ piece of evidence bearing 
on the constitution of. the sexes we come to very 
close quarters with the processes which determine 
sex, and the course of heredity in general— ta the 
germ-oeUs themselves. The weakness in hfendel’s 
theory to account for his simplest results is that the 
c existence of factors in the gametes is no more than 
an assumption. The assertion that they exist rests 
on mi a priori basis. They have never been'se^ 
In the case to be ^nsidesed now, the statement that 
one sex is heterozygous for sex, and that half of its 
germ-^iells cany a thing which d^ermines a particular 
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sex and the o|^er half do not, is based on the existence 
in half of ll|}e getm-cells of things which can actually 
be seen. * 

'It has been discoyeied that in ceitain insects 
half theHpeimatozoa contain a supemumeraiy, or, 
,as it is oalled)^g(iipsoi7, chromosome. This cAiomo- 
dtme is not merely an additional one, but it behaves 
difie^tly from the other chromosomes in the division 
df the cells, bi the insect Anasa, for instance, a 
form allied to the Bug, the number of chromosomes 
in one half of the spermatozoa is nine ; in the other half 
^ten ; the number in all the eggs is ten. The result 
of the union between a spermatozoon with nine 
chromosomes and an egg (with ten) is a male ; and 
of the union ibetween a spermatozoon with ten and 
an egg (with ten) is a female. This is known to be the 
ease because the number of chjqposomos in the 
somatic cells of males is nineteen; whilst that in 
the somatic cells of fetnales is t\«toty. • 

If a case such as tUs^ described in Mendelian 
terms, the male, half of whose germ-cells contain an 
element Vhich the other half lack, must hb regarded 
asahetoFozygous (ITR), whilst the female, all of whose 
germ-cells are alike in respect of this element, must 
be regarded as homozygous, but inasmuch as all her 
germ-ceUs are alike in the possession of an element 
' she*must be regarded as a dominant homozygote, 
- mimely DD, not BB. 

It will be noted that the general condusion as 
to the,nature of the differenpe between the sexes 
based on the Vaha^our of the accessory ducomoBome is 
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almoBt identical with that based on/ithe ohanges 
effected by the parasites in the crabs, jiii .both cases 
the male is bipotential and the female uhipotential. 
This is all the more remarkable when thecprofonudly 
differmt nature of the phenomena from ^ch the 
condnsions are derived, in the tw(LXgp«8, is borne in ‘ 

It would be unprofitable in the present st^ of 
inquiry, when every inference ought to be regard as 
tub judice, to attempt to base a verdict ^bn suc^ 
conflicting and insufficient evidence as that which 
is at present obtainable. For the present it wilf 
be sufficient to sum up the evidence which has beep 
considered. * 


All four set? of evidence examined point to the 
condusion that one sex is bipotential and the*other 
nnipotential. The- first two, the dinical’and th% 
Mendelian, point to the female as the heteroi^gote. 
The last two^ point to the mde as the heterozygote. 
In estimating the rela|ive value of the evidence in 
these ’two sets of evidence- it should be borne in mind 
that in thS case of the Mendelian and th# dinicak 
the condusion is only reached by h long and do^us 
argumentative route; it is as if the secret o^the 
constitution of the sexes were at the end of a winding 
passage, and the glimpse we get of it by the Mendelian 
and diiiinii.1 methods is sudi a one as we mij^ti^t 
1^ the adjustment of mirrors in the passage so al to 
see the fer end of it. The ponclusion is liable to be* 
falsified in proportioii.,to the number of distinpt steps 
(where erfor may creep in) in the ^litgnm^t which 
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it is Tsaohed^ just as the image of the end of the 
passagS will,be distoited in proportion to the number 
of mirrors it has to*be reflected in on its way to the 
eyel^ In the case of the efiects produced by the 
parasitesSn the crabs and in that of the accessory 
•chromosome, ViM*e, as it were, much hirtheS* along 
t|^. passage, at much closer quarters with the actual 
const^tion of the sexes, and can look directly in. 
•Gbmpare the crabs with the currant moth; in 
*the former actual sexual changes can be observed ; 
in the latter we could lea%n nothing about the nature 
sex at all if the sex-character had not become 
entangled in the gamete with a varietal character 
of pigmentation. Compare the long chain of argu- 
ment, some of tile links of which are iiot very strong, 
which feads to the conclusion that a woman produces 
•equal numbers of female- and mtfle-produsing ova 
with the demonstrable &ot that in certain insects 
half the spermatoroa ccmtain an element which the 
other half lack. * • • .* 

A comparison between the conclusion JbaAed on 
the Mend^an and c^logicaf evidence hi connection 
withitiiat derived from the crabs is profitable because 
it may help to divest the problem of certain pre- 
conceptions which, in my opinion, tend to obscure 
its real nature. • 

• tlft difficulty created the fact that the Men- 
>delian evidence points to the male as the homo^gote 
and the (^tological to the demale paay be cleai^ up 
in one of two ways : It may be proved that the 
Mendelian indication or (less likely) the (^Ibgical 
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one is wrong ; or it may be that one is lietero- 
logons in one species and another in another. But 
there is another point in which the conclusions derived 
from these two sources differ. According to the 
Menddian conclusion the homozygous sd, which 
happens to be the male, is a homozygote, 

(BB), whilst according to the cytological the homdr 
^gous sex, which happens to be the female, .fill of 
whose germ-cells possess the “extra” chromosoiffe 
possessed by only half of the spermatozoon, ista 
dmvnmt homo^gote (DD). Now, if the Mendelian 
theory, and especially the presence and absence 
hypothesis, means anything at all, both these c^ 
elusions cannot be true. DD contains two “ doses ’ 
of the sex factor ; BB contains none. They diffe 
more from one another than a male from a female 
as intei^ireted 'by Mendelian theory. DB differ 
from BB bnly by one “ dose.” It may be that tl 
homozygous sex is DD in some cases, and BB 
others. But this mpam may be due to the init' 
error of j[ounding a theory of sex, as the Mendeli 
theory of it fias been founded, on a basis of matef 
particles. And it may be that the antithesis is lea 
not between heterozygous and homozygous, iie. 
tween the presence and absence of particles, but 
‘ the case of the crabs seems to indicate, between 
unstable condition and a stable one. 



CHAPTER XVII 



Pr^ia a very important matter to determine whether, 
as some hold, Mendelian heredity is a fundamental 
process the true understanding of which will render 
|11 othe^ phases of heredity intelligible, or whether, 
as others believe, it is an anomalous phase of heredity 
Vhioh is restricted to a small group of characters 
Ijelonging chiefly to domesticated animals and plants. 
For if th4 latter is the case, the investigation of 
Hendelian phmiomena can throw ilo light on the 
problAn of the relation between successive generations 
^f organisms, nor help to elucidate |he natnre of the 
processes to which evolution is due.* The chief 
exponent of the*view that Mendelian inheritance is 
merely an anomalous ph^of heredily is Dr. Archdall 
Reid, whose views on this subject are expressed in 
his recent book, ** The Laws df Heredity^” td which the 
rety^er js referred for a full ejqposition of this view. 
Per^ps the simplest way of e3q>re88mg this view is 
to say that, according to it, we have begun to read 
the series of phenomena and of hypotheses, which, 
exiends from the first to the sixteenth chapter in 
thitf book, at the wrong end. We have taken the 
simple Mendelian phenomenon ^ the starting*point, 
and ha^e finished up by interpieting the inheritance 
and nature of sex iS the light of it ; whereas, according 
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to Dr. Reid and his adherents, the mode cf inheritance 
by which sexual characters are transmili^ ih the 
real starting-point, and Mendelum phenomena ate 
anomalous occunenoes caused by certain variefbl 
characters taking to be inherited by the sexaSd mode 
of transmission, and occupying a eete^inl-de-sac in , 
the stream of evoktion. “ It has been suggested,’* 
says Dr. Beid, “that the inheritance of s^pial 
characters is Mendelian; we shall be nearer thS 
truth if we say that the inheritance of llfendelian 
characters is sexual” By this he simply means 
that the sexual and not the Mendelian mode of 
inheritance is the phenomenon in the light of which 
the other must be mterpreted. According to his view 
both sexes are ‘bipotential, each sex* contains the 
opposite one, tn potmlia; this he calls alter&ttive 
latency aad poteSu^; there is no such 'thing aa 
altemative inheritance, which is the distribution of 
characters toe the ^rm-cells in such a way that one 
gemcs-pell may receive a character in its entirely and 
another' n(^t at all The illusion of altemative in- 
heritance u treated b/ the occurrence & abow 
half the individuals, of a species, of a particular ,86: 
in a patent and the other sex in a latent state ; ai^ L' 
the other half, of the same sex in a latent, but th 
other sex in a patent state. This view resemble 
that of Castle in that, according to it, both Axf 
have the same constitution— -that is, they contai 
the potentiality of l^oth sexes— and only differ fro: 
one another in the matter of which sex happe-' 
to be uppermost, or patent. ' 
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Note, indioatioits tliat one sex, to state it in 
the hroa^^ tenns, is bipotential and the other 
unipoiential is ba(^ on minute evidence of a stiictlj 
a^pottmori nature, whilst the conclusion that both 
sexes aha bipotential is based on evidence which its 
author massive,” and reached by the 

fjpriori ladder, which he believes to be trustworthy. 
For^my own part, the minute weighs more heavily 
\inth me than the massive. At any rate, I propose 
to regard it as more probable that one sex is 
bipotential and the other unipotential than that both 
are bipotentia]. And in any case, this is a secondary 
TOint at issue. The essential one is : Which came 
mst, the Mendelian or sexual mode of inheritance ? 
And by the aexual mode I mean, ''now, the theory 
that bne sex is bipotential and the other unipotential, 
«nd not t)r. Reid’s alternative latency and potency. 
The Mendelian may here interpose that i am holding 
his briei I am) in tSe sense thdt I am prepared to 
accept an interpretation ^f sex on the basis of the 
Mendelian one. But 1 also incline to the vjpw*that the 
aexual j^eceded the Mend^han mode Tin so far as it 
seains to me likely* that the mode of inheritance from 
whifh both are differentiations was, in the first place, 
only used (if the expression may be allowed) by 
sexual characters, and was of the t 3 rpe DR x RR^ 
I or) 'more generally, heterorygote x homo^gote, 
•or X asx; and that all the phenomena which we 
regard as characteristically Men^eUan — ^the existence 
i .of pure, donurumts and recessives, the uniformily of 
I first hybrid generations, the segregation in* the ratio 
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1:2:1 in the second hybrid geneiation/and so on— ‘ 
are, as it were, a secondaiy display set 6^ by certain 
▼arietal characters becoming inherited by th^ sexual 
mode described'in this paragraph. The heterorygdte, 
together with the ordinary (or homozygatks) lype 
{xy + xx) first came into existeMa iA connection . 
with the inheritance of sexual characters. And,^ 
will readily be admitted that an extremely tjmple 
way of bringing about the production of^the t^ 
sexes in equal numbers would be the institution of 
one sex (A), half of whose germ-cells contained the 
&otors for one sex, whilst the other half contained 
those for the other; and of another sex (B) all §f 
whose germ-cells were iudifilerentiated as i^ards sex. 

The original mode of inheritance; of which the 
Mendelian is a later development, and which has pos- 
sibly persisted wkhout much modification as'the sexua? 
mode, may? therefore, be expressed in the formula— 

DIf X RR = 60 % DR + 60 % RR 
Or, fiiQTe generally— * " 

X XX — BO %xy + BO % m c 


The familiar 


DD X RR 
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* non-Bopial ^haiacteis came to be inherited by the 
aboyc^ou|lined sexual mode of inheritance. So long 
as the ,0^7 chaiadter which existed in the DR con- 
dition was tone of the sexes, the DR.oondition could 
never us\jj^ with anything but the RB condition, 
which was ^mt J|% l^hich the other sex exiAed. If 
that of the $ was the bipotential one, only one kind 
of*mating could take place, DR ($) x RR (^). But 
, direc'lly a non-sexual character acquired the bipoten- 
‘ tial condition the fat was in the fire. It became 
possible for the DR condition to mate with the DR 
Condition, and this led to the origin of the pure 
^ominant and recessive lypes, DD and RR, which, 
afi being ’perfectly constant, would be greedily 
seized on by tho breeder so soon as Such types came 
unde]5’his intelligent observation. And the existence 
gi these t<ro pure types, DD and R^, suggested them- 
selves as suitable material for hybridisation experi- 
ments, probably *himdi%ds of years aftsr they were 
isolated, to Mendel, who* tabulated the results qf his 
crosses and discovered the phenomenon (illustrated 
ogi the frontispiece of this book) whitii #e are apt 
to £ega{d as so furidamentsL Mendelian segregation 
in t^e ratio 1:2:1 only became possible when it 
became possible for a DR to mate with a DR ; and 
this only became possible when the DR condition^ 
, oetfscd to be the exclusive attribute of, say, femaleness, 
find became an attribute of, say, yellowness. Men- 
flelian segregation in thq ratio : 2 : 1 could never 
^e place b^ore this event, beoause a DR could not 
mate with a' DRfboth being females ; but <once it 
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liad happened, the way foi MendelM segregation* 
was made dear by the possibility of a mop between 
two DBs. A female cannot m&te wit£ a . 
but a yellow can mate widi a yellow. . , 

The only alternative to this view of tjfp origin of 
the M@ndelian phenomena is J>^^sn|(position thai 
the first types to originate were the pure dominan 
and recessive homosygons forms. Now, apart fron 
the hict that this is rendered improbable by th 
probability of the common origin of the Itfft n de lia: 
and sexnal modes of inheritance from a mode whic 
most dosely resembles, even if it difEers from, tl^ 
sexual one, it can be shown that at least in one c^ 
this cannot have been the way in which these pheft< 
mena arose. And it is well to remember that tl 
question we have to ask ourselves when tre a 
considermg thq<^lue of evidence for a* particul 
theory is mot : how many facts are consistent wi 
it? but: is ^ere a single one%hich Is inconsistent wi 
iti. The statementSc of^forty of the friends of t 
Irishman who was accused of shooting his landlord, 
the efEedi that they hdfi not seen hbn doihg it, w, 
consistent with his statement that he had no^ dope 
But he was hanged, because the fact that one m^ 1 
seen him do it was not consistent with his stateme 
I One of the varieties of the Snapdragon, wi 
ordinarily has green leaves, is a form withsiA 
yellower, variegated, leaves; this variety is spo! 
of as mrea (golpen). The inheritance of tl 
characters has been investigated by Dr. ^ur. 
found” that the greens bred true '^ub lhat the vi 
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gated%* whetf seli-fertilised, produced altogether 673 
variegated tod 28&green. Now this is a ratio of Ubo 
to one, *instead of the three to one which would be 
expected in an ordinary case of segregation. It looks 
like a 1 ratio shorn of one of its ones. This 
' is what, in fact, if {filially is. Dr. Baur examined the 
seedlings raised from the seeds of a variegated plant 
'^eryashortly after the germination of the seeds, and 
'found 77 green, 160 variegated, and 61 seedlings 
Which were almost white and entirely destitute of 
green. These latter possess no chlorophyll, and 
r consequently die. They evidently represent the 
Ubmorygous condition of the character, the hetero- 
zygous condition of which is the variegated form. 
This Qftse, therefore, may be represented thus, assum- 
ing that the green is recessive : — 


DR X 
(variegated) * | 

[1 iJd] 2 i!» • 

{eUoro]phyU-4e8a forms (variegated) 
^ fohich 'pmrish) \ 


DK 

(variega^ d) 

1 Jib 


This> particular case of the Mendelian pheno- 
^.menon can, therefore, never have originated in the 
|amon of pure dominant and reoessive homozygous 
•|orm^ DD and RB, thus : — 


DD X BB 


,Tb 


8 


1 DD 


1 
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kiw llie doiiant fim doei d|hi| 
latk, (jets no mm wlssHij^ ttiaa Bh seeli 
ttajjii. * 

Ilie giml tieiid oi tlie evidence te to'lx 
y Ik Hendek node of ienteitM^ 
bon-ot, at any late, in doee (nnedion vitli-llii 
by vlicb Hemal ikacteD aie inbeiitei At ad 
lale, tbe einiilaiily between He two nodee i^vei 
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'AUelofflorpht a member of a Mendelian pair of chaiacteie. The 
ddjectiyal form allelomoiphic is useful, because by its em- 
ployyieut the statement that the character " round *’ bears 
that relation to the character “ wrinkled *’ which the two 
characters of a Mendelian pair bear to one another, can 
be condensed into the statement that round is allelomorphic 
to wrinkled. 

Bisexual mbsses, according to Prof, de Vries, are those between 
two individmds each of which bears a {Murticular character, 
one of them possessing it in a latent and the other in a 
patenlk state. Compare with “ unisexual.” 

i * * 

Chromosome, a term applied to certain minute^odies, in the 
kernel or nucleus of the animal anj} vegetable cell, which 
appear at definite peri(^ in the division *of the cell, are 
constant in number for er/ih species of animal or* plant, 
and are characterised the fact that they stain v^ de^ly 
with Certain dyes. The number of chromdsomes in a genn 
cell is half the nufnber of them in a body cell of a given 
'"plant or animal. 

'Cot^edon, a term applied to the first leaf or leaves of the plant. 
One group of pimts, of which the wheat is an example, is^ 
, ^racterised by the possession of only one ; they are called 
jntmoeot^edoiu. Another group, of which the pea is an 
example, has two ; these plants ate called dikd^idm, 

P Homoxygote). 

Setera^ygots). 

t oharacteis ate those borne by the first generation 
473 . 
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from a cross between two indiyiduala possesaii^g les 
the two characters of a Mendelian pair. ^ • 

Dnidez eyes are those which have a layer of brown pi 
front of the iris {See Los). * 

** Extracted** is the term applied to the indi^dCa 
second hybrid generation from a cnrss, whi^ rea 
parent forms that were mated to make the c 
** extracted ’* green is a green which appears in t 
or a subsequent hybrid generation from a cross 
ydlow and a green pea. * 

Pi, a symbol, introduced by Mr. Bateson, as an al 
for the first hybrid g^eration. 

Fa, a symbol for the second hybrid generation. 

P3* a symbol for the third hybrid generation. And 

c- 

Factor, a name for the thing in a germ cell Which 
germ cell develop a particular character, such 
as opposed to .dvarfness. 

Fasciated phmts are those in which the nodes do ni 
normal pl/mt, siicceed one another regularly u] 
d)ut occur in profusioji;i at the top. 

Gamete* a name for the reproductive cell, whetl 
female,' 'in ^th animaht^and plants. 

Germ cell, the equivalent of Gamete. 

Heterozygote, a zygote (q.v.) resulting from the t 
gametes bearing dieeimUar factors — one a dc 
other a recessive one. DB is the symbol 
ozygote. 

Homozygote, a zygote (q.v.) resulting from the 
gametes bearing eimiUar fa(^|bora, which may h 
dominant, producum a dominant homoj^ol 
bo|;li^ recessive, prooucing a recessivj hcgidezyi 

Inteniode, the section of the stem of a plant betwc 
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IriSy t]h6 colooied part of the human eye sunoimding the 
pftpiL, * 

Mutation, the origin of Bpedea of diBContinaoiiB variation (&8 
9 Variation, diBcontinnooB). 

Prepoteno^the property Baid to be poBaesBed by certain in- 
dividllfu8^ eqpecijJjjr amongBt Btallions, of t&nBmitting 
their qualities to their ofbpring, whatever female they are 
mated with. 

a term applied to thoae individuals which when mated 
together produce, exclusively, individuals indistinguishable 
from themselvea. 

Recessive characters are those which, in a cross between in- 

% 

divi4ual8 the two characters of each of which bear one of 
the same Mendelian pair, entirely disappear in the first 
hybrid *generation. 

: Reversion, the •production, on crossing, of a supposed remote 

I aficestor of the two forms crossed. 

^Segregation, the reappearance in definite vatios, fh the second 
hybrid generation, of the characters of two forms crossed ; 
and of the firsf hybrid* generation (Where ihis differs from 
the dominant character)! ^ 

Soma, the body, as opposed to the germ cells. 

Somatic, %f, or pertaining to, the^body as op^os^ to the germ 
cells. * 

|UiuMxoal crosses, according to Froi de Vries, are those between 
ffvro individuals, one of which bears a particular character 
entirely lacking in the other {See Bisexual). 

r qrif tion, the production by animals and plants of those differ- 
^ences the accumulation of which is supposed to have resulted 
in the various forms of living things. Continucue vaHriaUon 
is the name given to th^ occuzreilce of such differences as 
always exist in any sample of a given species. These vazia- 
tions are nobsuj^^osed to be transmitted to the ffefit geneza- 
tion, DieeoifUinuoue variation is the term applied to the 
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ib&Ku (the oomot moth), in- 
; heritanoe of sez in, 2S2 
iUMoiirt^ capacity of seeda of 
f peai, 129 

AocfiBoty chiomoaome as sez deter- 
minant, 263 

4H)liiism, inheritance of, in mice^ 

4 73 • 

JdM(Hnoiph, 246 
iJlefi)motphi8m, spniions, 263 
i^llMua, acoeaoiy cljpimosome in, 
^ 263 • 

Aidalnsian fowl, inheritance of 
•.tsooloor in, 33 
^igon character, inheritanoe ot, 
i in cats, 191 • • 

JtMrrAmiMi, 272 

’'■i* • 

i nn, W., 4, 190^ 249, 263 
; E., his woii on An^Mnm, 
.t«872 

.^l^^isefpai ’’^crosses of de Vries, 139 
~">yai^ E. A., hb woA on 
cotyledon colonr in peas, 131 
V, Samnel, 188 

Knfessor, hb theory of sez. 



tortobeahell coloat in, 249 
roan coiour in, 80 
. 137 

Wlllbin,*|^ 6ook on 
IsideoiDfr 143 


Odoiu-blindneas, inhedtonceot 248 
Oombs of fowb, 104 
Counters, device for illustrating 
Mendel’s theory with, 172 
Crabs, eSect of parsnte SaccMu 
on sez of, 260 

Crossing, practical instnetions for, 
in peas, 146 

Ourrant moth, inheritance of sez in, 
282 

9 

Darwin, Charles— 
hb theory of evolution, 3 
hb theot^^f pangqreata^ 187 
Dawson, ^ fiamy of sez, 
268 ^ 

DD, DR, BE, matings 

. jwtween these sygotiiv*typss, 
179 

De Vries— , r, 
fcs work on mutation, 6 
hb theory of tiie nature of 
Hendelian eharaotets, 10, 139 
Directions for carrying out ezpeii- 
ment with pees, CBk X. 
Dominance— w 

not an essential featore of Men- 
delian inheritanoe^ 38 
distinguished from prqpotenoy, 
96o 

Domii^ chaiaeiets— 
the number ot gepeptiom it 
takes to combine twot IM 
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INDEX 


Dominant Oharaoten— 
not neceasarily the older char- 
acter in the pair to which they 
belong, 125 

Doncaster, his work on sex in 
cnirant moth, 252 
Dumpling, Jiow does the apple get 
into the ! 188 

Duplex ohaiacter in human eye, 41 

Enemies of peas, 143 
“Extracted” recessive, or domi- 
nant, “ purity ” of, 238 
Eye-colour— 
in man, 40 
in mice, 73 

“Factor,” 162 

FI, symbol for first hybrid genera- 
tion, 252 
Fowls— 

33 

combs of, F)4 f/-' 

rumpless com'ition of certain, 126 

Gamete, 176 c ' 

Gametic purity, 217 

Goss, Jbh% 103 ^ - 

Hdix hortensiffi absence of colfur 
dominant in, 138 
Heterozygote, defined, 178 
Homozygote, defined, 178 
Homs— 

in cattle and sheep, 137 
^ in sheep, 248 

Horticultural Transactions, fac* 
simile from, 109-202 
Hunt^ 0. 0., his work on human eye- 
colour, 40 ^ 

Hybrid, how to distinguish between 
it and a^dominant^ in practiceb 


Immunity to “ rust” iniwheat^ 13jS 

Keeble,°F. W., his work on sttftore 
in peas, 133 ^ ^ 

“Laws of Her^'ty, The,” Dr. 
^'V'hdall Reid’s book entitles^ 
267 • 

Lock, R. H., 70, 150 • 

• . 

Maple pea, 110 > f 

Mendd— ^ 

directions for repeating his ex- 
periments, Oh. X. • 

varieties of peas , bearing th^ 
characters investigated by , 
168 

Mendelian phenomenon— 
the, 14-16 and Frontin^e 
origin of the, Oh. XVlL 

Mice, inheritance 'of colour in 
73 * 

Mutation, 4 

Nageli, Oarl, his correspondence 
with Mendel, 190 

Nettle, inheritance character of 
M of, 137 

(Enoikero— 
breuiaiyliB, 6 
gigtu, 6 (Figs. 2 and 3) 
gigaa-nandla, 10 
UBvifciiaf 6 * 

LamarckiaTta, 6 (Figs. 1 and 3) 
nofielki, 0 (Fig. 5) * 

rttbfinervts, 8 (Fig. 4) 

0 

Fangeneft) QhadeBDanrin’itbeisy 
(di 187 


t 
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Peai onliotjry^ ' 
gtatuij 0^,12 (Tig. 6) 
iaaoiated vaimy oi^ 21 (Tig. 8) 
textuie Of pods of, 24 (Fig. 9) 
odour of podb of, 26 (1% 10) 
colour of seed-ooate of, with 
simple doSHhanoe of grey, 27 
• (Figs. 11 and 12) 

|tlour of seed-ooata oi, gmug 
revenioiiary purple spots in 

• fiift cross, 114 (Fig. 27) 
colour of OMd-ooats of, maple and 
^ purple spot, 110 (ITg. 26) 
colour of flowers of, 118 (Plate 
a IV.) 

colour of cotyledons of, 63 

• (Plate L)^ 

ftiape of cotyledons, 66 (Fig. 21) 
colour and shape of cotyledons, 
93 (Plate Ulf 

1:2:1 ratio in. Oh. U. and 


3:0:4 ratio in, 114 (Fig. 27) 

9: 3: 3:1 ratio in, 03 (Plate ]^yp), 
no (Fig. 26) 

Presence and Absence— * 
hypothesis, 126 * 

its applici^on to cotyledon shape, 
t 130 ^ . 

iti^ppli|ation to cotyledon colour, 

evicUnce relating to, 137 
its application to theory of sex, 
257 

Purity# gametic, 217 
^Purple spotted pea» 110 


Ratio— 

1 : 2:1 . ^ 
in peas,* 16 
in fowls, 34 


Ratio— 

15 2:1 {continued) 
in successive hybrid genera 
tions, 70-71 
in mice, 76 
9:3:3:1 

in peas ; cotylodcgi characten, 
97 

seed-coat characters, 112, 116 
3:9:4 

in peas; flower-colour, 119 
similarity of 3: 9: 4 to 1 : 2 : 1 , 
121 

Recessive characters, the number 
of generations it takes to com- 
bine them, 104 
Reid, Dr. Aiohdall, 267 
Reversion, 74 

Roan colouf in cattle, 80, 178 
“Rust” in wheat, 138 

Sacoulina, affect offon sex of crabs, 
260 • 

Seed, the natnip of a, 62 
Segregation, the essential^ feature 
* of Mendelian inheritance, 38, 80 
Selectionist, point at issue between 
% the, and flutftionist, 4-6 
Sex- 

Dr. Archdall Reid’s theory of 
the inheritance of, 26 ' 

Dr. Dawson’s, 268 
the Mendelian, 251 
Sex-limited inheritance^ 248 
Simplex eye, 41 

piTpitih, Mr. Geoffrey, his theory of 
sex, 261 
Somi^239 

Spedimens illustrating Mendel’s 
results, methods d mounting, 
169 
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Spurious fdlelomozphism, 253 
Staxoh-graiDB of— 
round and of wrinkled peas, 128 
round x wrinkled peas, 134 
Sturges, the Rev., 39 
Suso^tibility to '*msV* 138 
Symbols fof types of individual in 
Mendelian heredity, 176 

Tortoiseshell colour in oats, 249 

Unfixable oharaoters, their signifi- 
cance, 39 

“ Unisexual ” crosses of De Vries, 
139 


‘ Unit oharaoten, 216 o 
Uvea; 43 

Variation— ^ 

continuous, a 
discontinuous, 4 
Varietal oharaotcfC Monde. 

faaltanoe of, 10 
Varieties, Frol de Vries* dc 
of, 9 

a 

Weinioger, Otto, his theory 
268 

Weismann, 187 
Zygote, 176 . 
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